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SYMPOSIA
BUSINESS

AND ECONOMICS

A DISCUSSION OF THE DEVELOPMENT PROCESS FOR A
NEW INTRODUCTORY ACCOUNTING COURSE

Frank Coglitore, Earl Hagg, Jean Hartman, Janice
Raffield, Kristine Sharockman
University of St. Thomas, 2105 Summit Ave, St. Paul, MN

The business faculty of a private regional university
recently completed a review of its core business
curriculum. All business majors are required to complete
the business core curriculum regardless of their area of
specialization. As part of this review, the accounting
course in the business core curriculum was changed
from two four-credit courses, one in financial
accounting and one in managerial accounting, to a
single four-credit Introductory Course comprised of
both financial and managerial concepts. The objective of
the course is to provide the accounting foundation
necessary for the study of accounting as well as the
other academic disciplines in the division of business.
This paper will discuss the criteria used to determine the
financial and managerial concepts to be taught and the
process used by the department's course development
team to make the content decisions needed to teach the
first sections of this course.
HUMANE BY DESIGN: WORK QUALITY ISSUES IN
SCANDINAVIA

John M. Hasselberg and Bruce H. Johnson*
Dept of Management, College of St. Benedict/St. john 's
University, Collegeville, MN, and • Dept of Economics &
Management, Gustavus Adolphus College, St. Peter, MN

No1way, Sweden, and Denmark are all known for
their open societies, egalitarian political systems,
environmental sensitivity, and technological sophistication. All three countries actively promote and
participate in innovative design of products and social
systems. Since the end of World War II, Scandinavian
companies have 'experimented' with a variety of workplace practices and tactics. A review of the management
literature over the past decades reveals a wide range of
ideas. These would include: leaderless self-managed
work 'cells', union representation on corporate boards
to promote broader social democracy, action
committees, new assembly line procedures, and
heightened concern for worker safety with an emphasis
on ergonomics in job design as well as product and
production design. In total, these efforts aim towards
creating a safe, quality work environment which is both
attractive to employees and economically sound for
employers and also offers a sustainable balance for all
between their personal and work life spaces.
This paper reports the author's recent interviews
with several Scandinavian businesses - ranging from
high technology to basic technology, retail, labor,
governmental, and management organizations, as well
as follow-up research. As Scandinavia continues to
experiment with these issues, it becomes informative to
contrast these ideas with the employment practices and
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also social/governmental policies found in the United
States. This sort of 'compare and contrast' is revealing as
the United States continues to grapple with similar
issues within a fairly tight labor market and as the
current administration and Congress overturns
ergonomics as a priority in the workplace.
THE CHANGING STRUCTURE OF MINNESOTA RETAILING

Lorman L. Lundsten and David P. Brennan
University of St. Thomas, St. Paul, MN 55105

Consumer trends affecting retailing are dual income
households, smaller families, and gentrification resulting
in an increased desire for convenience. Retailing
responded to these trends with shopping centers,
franchised restaurants, scrambled merchandising, and
industry consolidation.
This study investigated changes in retail structure in
Minnesota using data on the number of establishments,
sales, employees, and payroll from 11 Censuses of Retail
Trade between 1948 and 1997. Ten census categories
were analyzed both over time and cross-sectionally to
determine the differences across categories and relevant
trends.
Results show that Minnesota has fewer retail
establishments with more sales per establishment;
payroll has remained relatively constant while pay per
employee has fallen. Discounting in its varied forms is a
change agent affecting all areas of retailing. This results
in larger facilities, higher sales per establishment, lower
compensation levels. Compensation in automobile
dealerships and furniture stores are an exception,
perhaps because of commission sales. Unhealthy trends
include lower sales per establishment for apparel stores
and lower sales per payroll dollar for food stores. These
reflect greater competition stemming from scrambled
merchandising, one-stop shopping, and consumer
emphasis on convenience.
ON THE PROPER INTERPRETATION OF ECONOMIC
IMPACT STUDIES

Charles A. Rambeck
Dept of Economics, St. john 's University, Collegeville, MN

Advocates for projects and institutions frequently cite
their economic impact as a justification for the project or
the existence of the institution. A common type of
statement is that project or institution Y has economic
impact on the local economy of X dollars, where X is
usually a surprisingly large amount of money. The
usually unstated, but clear, implication is that the
institution or project is more important and more
beneficial to the community the larger is X. These
numbers are usually based on some form of InputOutput analysis. This paper offers an interpretation of
these studies that questions whether a larger number for
X should be viewed as favorable for the institution or
project. The two main conclusions of the work are that
(1) the economic impact usually repo1ted could as well
be interpreted as the costs of the projects as the benefits
and (2) the economic impact of a project without a
reasonable counterfactual is largely meaningless.
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EDUCATIONAL OUTCOME AsSESSMENT: WHO,

How AND

l'HE U~ECTED

Richard ]. Rexeisen & Thomas ]. Stoffel
Cniversily of St. Thomas, 2 115 Summit Ave, St. Paul, MN
Outcome based education (OBE) continues to grow
in accepta nce by both accrediting and licensing
a encies and, by extension, the constituencies these
bodies serve and influence. Experts in the field draw
ention to the fact that OBE is a developmental
process in w hich institutions, faculty and students
progress through predictable stages that are intended to
result in an overall system of evaluation that leads to
continuous quality improvement. The essential logic of
OBE is. of course, difficult to argue with in that it
eEectively models classical critical reasoning: problem
iden · tcation, gathering of information, alternative
2eneration, recommendation (outcome focus) and
reedback loop. evertheless, the Achilles' heal of the
process. as is typical of most areas of inquiry, lies in the
effectiYe execution of the underlying scientific method
e.o .. me identification and elimination of relevant nonsampling errors). To this end, the purpose of this paper
·- ro draw attention to three impottant implementation
es that merit closer scrutiny by OBE practitioners.
Specifically. this paper w ill examine: 1) questions
related to me unit and/ or subject of analysis (e.g.,
identification and selection of relevant stakeholders), 2)
es related to the identification and elimination of
extraneous influences (e.g., testing effects), and 3) the
rrnportance of measuring and, consequently, responding
o unintended o utcomes .
DEALI::-;-G WITH ECONOMICALLY WEAK REGIONS,
lEsso.'(S FROM SCANDINAVIA, 1950-2000

e\·en oderlind
Dept of Economics, St. Olaf College, Northfield, MN 55057

This paper highlights four lessons from Scandinavia's
postwar experience with settlement and location
policies:
a. Growing, increasingly diversified cities are pivotal
to a nation's prosperity.
b. To invigorate economic prospects in weak
regions, a nation should target its development
assistance to just a few locales rather than to vast
territories.
c. A given policy system (including goals,
instruments, and operation) depends more on
political priorities and sensibilities than on abstract
economic models or arguments.
d . Policies designed to alter the geography of
economic development are by nature transit01y.
Such policies typically wither in the long run,
whether due to their success or failure.
These lessons, widely overlooked by economists and
policy makers , challenge a host of conventions and
ensibilities. They also provide important insights into
me processes of macroeconomic development and its
susceptibility to control.

2

A COMPARISON OF GERMAN AND
SHOPPING BEHAVIOR

us STUDENT ONLINE

James E. Weber and Werner Schmidt*
St. Cloud State University, 720 Fourth Ave S, St. Cloud, MN
*lngolstadt University of Applied Sciences, Computer Information Systems & Multimedia, Postjach 21 04 54, D-85019
lngolstadt, Gennany

Two hundred and three US and German college
students p articipated in an online survey intended to
explore their Internet use and online purchasing and
payment habits. Similarities and differences between US
and German students' online e-commerce practices are
discussed and compared with results of prior research.
Significant interaction effects between country of
residence and gender were found for uses of the
Internet, reasons for not buying on the Internet and
types of payme nt and these differences were
interpreted. Results show differences in usage patterns
and purchase habits as well as comfort level with giving
out personal information over the Internet. Implications
for further research were discussed.

GEOGRAPHY
THE CHANGING AGRICULTURAL LANDSCAPE IN LE
SUEUR COUNTY, MINNESOTA

Ross Anderson and Benjamin Lindberg
Gustavus Adolphus College, 800 W. College Ave, St. Pete1·, MN

As in much of the U.S., over the past 60 years there
has been a dramatic alteration of the agricultural
landscape in Le Sue ur County, MN. These changes are
documented using census data and interviews with
farmers and agriculture professionals. We note the
declining number of farms, the growth of larger
operations, and potential conflict with non-farm rural
residential development.
INFLUENCE OF CLIMATE VARIATION AND PERMAFROST
DISTRIBUTION ON THE LOCATION AND GROWTH OF
WHITE SPRUCE AT AlAsKAN TREELINE

Alison Arians
Alaska Dept of Natural Resources, Division of Mining, Land
and Water, 550 W 7th Ave, Suite 1050, Anchorage, AK

Climate variation is an important determinant of
change in the radial growth of white spruce trees on the
Noatak River floodplain, in arctic Alaska. However.
local-scale phenomena may have an equally important
influence on the variation in radial growth and
distribution of white spruce (Picea glauca). The spatial
variation of permafrost depth was fo und to influence
radial growth of treeline white spruce and their
distribution along the Noatak River. Depth to
permafrost, estimated by soil temperature, determine
the location of treeline. Treeline forests along the
Noatak River are associated w ith comparatively dee p.
w arm su bstrates , w hile tundra grows on colder,
shallower soil. Stand-scale variation in radial growth of
white spruce is influenced by local-sca le variations in
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soil temperature. Temporal variation in regional-scale
temperature also influences stand-scale radial growth.
White spruce at the Noatak treeline have significantly
increased their growth in response to a 2 to 3 degree
temperature increase in arctic Alaska since about 1850.
In addition to a simple increase in growth correlated
with temperature, however, the limiting factors on
growth have changed. Temperature in arctic Alaska has
not only increased, but the last 25 years have been
unusually dry, so that recent tree growth has been
limited by moisture as well as temperature. In this
treeline floodplain forest, both regional temperature
change and local-scale environmental factors are
important influences on the growth and distribution of
white spruce.
THE UPSCALING OF lHE NORTHWOODS: RURAL
GENTRIFICATION AND REsiDENTS' PERCEPTION OF
CHANGE IN COOK COUNTY, MINNESOTA

Heather Brandon
Gustavus Adolphus College, 800 W College Ave, St. Peter, MN

Rural gentrification is gaining attention among
geographers. However, most of the research has
concentrated on gateway communities in the West, that
is, towns that border public lands such as national parks
and wilderness areas. This research documents
perception of rural change in the Northeastern tip of
Minnesota, how local residents identify with their
county, and how they feel change affects them. This
study focuses on Grand Marais, which is located in
Cook County the only county in Northeastern
Minnesota that is gaining population. The county
borders the Boundary Waters Canoe Area Wilderness,
Lake Superior, and Canada. The study relies on
interviews with residents exploring how they react to
their changing environment. Mental maps drawn by
these residents and demographic data supplement the
interviews. The interviews reveal that central features of
the community identity include Lake Superior, uncrowded wilderness recreational opportunities, small
town character, and the arts and creative community.
This paper shows that rural gentrification is occurring in
Cook County and that perception of change is directly
related to length of residency in the county. Length of
residency is also correlated with attitude towards
change. Those who have lived the longest in the county
are positive regarding the changes; whereas more than
half of the newcomers feel that the changes are
negative. These findings are significant because
continued gentrification creates potential conflicts with
parts of the community's identity.
NoN-FARM RuRAL REsiDENCES: LAKESHORE, BLUFFTOP
AND LEAPFROG DEVELOPMENTS IN LE SUEUR COUNTY,
MINNESOTA

Mitchell Brinks and Jamison Conley
Gustavus Adolphus College, 800 W College Ave, St. Peter, MN

This
research
examines
rural
residential
development in Le Sueur County and the implications
for county planning. Le Sueur County has recently
implemented new zoning ordinances restricting rural
subdivisions. The goal of the restrictions is to reduce
Vol. 65, No. 1, 2001

development in ecologically sensitive locations and
restrict leapfrog development of rural subdivisions
outside city limits. This study integrates aerial
photographs, historic maps, fieldwork, and county
databases into a geographic information system to
explore the growth of lakeshore development,
development along the Minnesota River bluffs, and rural
subdivisions just outside city limits.
IDENTIFYING REGIONAL NITRATE LEACHING "HOT
SPOTS" AND EVALUATING CROPPING SYSTEM EFFECTS
USING GLEAMS-GIS TECHNOLOGY

David W. Kelley
University of St. Thomas, 2115 Summit Ave, St. Paul, MN

Leaching of nitrates from agricultural lands poses
health risks when drinking water aquifers are
contaminated and nitrate levels exceed the 10 ppm
USEPA standard. By combining computer simulation
models with GIS technology, areas of greatest concern
can be identified and delineated. Current Best
Management Practices (BMPs) in these sensitive areas
can be evaluated using models that predict their impacts
on nitrate losses to groundwater. New recommendations
concerning crop selection and BMPs can then be
explored. This study compares various combinations of
perennial and annual crops, soil types , climates,
management practices, and economic scenarios using
the computer model GLEAMS (Groundwater Loading
Effects from Agricultural Management Systems) for the
purpose of developing improved BMPs for agricultural
lands overlying sensitive aquifers. Research suggests
that perennial plant species use water and nitrogen over
a longer period and in larger amounts than annual
crops, and that a switch from annual crops to perennial
forages results in significant decreases in leaching
losses. By using computer simulation models and GIS to
first identify areas of concern, then explore the impacts
of switching management systems to appropriate mixes
of perennial and annual crops in these areas, sensitive
aquifers may be protected from further nitrate
contamination.
CAlHOUC CHURCHSCAPES IN STEARNS COUNTY,
MINNESOTA

Elizabeth ]. Leppman
St. Cloud State University, 720 Fourth Ave S, St. Cloud, MN

A characteristic feature of the small towns of Stearns
County, Minnesota, is the large Catholic churches built
by German immigrants. These structures illustrate John
Jakie's description of place image formation from belief
and attitude, through intentionality, to icon. The iconlandscape-is an organization of space, time,
communication, and meaning, influenced by the
perceptual meanings of outsiders (such as architects)
and conveyed through associational meanings by users.
In the middle of the twentieth century, church
landscapes in Steams County acquired a new and very
different model in the form of the new Abbey Church of
St. John. This focal point of the world's largest
Benedictine community reflects innovations in Catholic
worship as well as in the use of building materials.
Features of the abbey church are finding their way into
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parish churches in the surrounding area, especially
those with Benedictine pastors.
USING GIS TO LINK THE DIFFUSION OF AMENITY
ECONOMIES AND THE PRESENCE OF WILDERNESS

Paul Lorah
Dept of Geography, University of St. Thomas, 2115 Summit
Ave, St. Paul, MN

Rural counties in the Western United States are
undergoing a period of rapid population growth and
economic restructuring. Extractive industries such as
logging and mining are in decline; population is
growing rapidly; and, in some regions, rising property
values create communities where workers are not locals
and where locals are not workers. This paper explores
the transformation of the New West by focusing on the
correlation between the presence of wilderness and the
diffusion of service-based amenity economies. To
accomplish this, a wide variety of data sources are used
to map both the location of wilderness and the diffusion
of amenity economies. The uneven distribution of
environmental amenities is shown to be one factor
behind the spatial unevenness of local economic
development and demographic change. One
explanation for this is that environmental amenities
seem to be a catalyst promoting the transition from
stagnating extractive economies to relatively competitive
amenity economies.
LAND USE CHANGE IN LE SUEUR COUNTY: MINING AND
COMMUNITIES IN CONFUCT

Kyli Lotton and Corrie Segerstrom
Gustavus Adolphus College, 800 W College Ave, St. Peter, MN

This research documents the development of the
mining industry in Western LeSueur County. Expansion
of mining operations threatens historic resources and
has created community conflicts around the small towns
of Kasota and Ottawa. Using a geographic information
system, the spatial extent of expanding mining
operations are mapped and compared with the locations
of prominent cultural resources, natural resources, and
residences. Interviews with mining officials and local
residents offer diverse perspectives on the economic
importance and environmental consequences of mining
operations.
GENTRIFICATION PATTERNS AND THEIR EFFECTS ON
LOW INCOME AND RACIAL POPULATIONS IN PORTLAND
OREGON.

Eric Myatt
Institute on Race and Poverty, 415 Law Center-229 19th Ave
S, Minneapolis, MN 55455

Gentrification occurs when middle and upper
income residents displace persons of lower incomes,
who are often people of color. Displacement differs
from mixed-income initiatives or in-fill developments
because it removes people ftom their homes into less
desirable housing, neighborhoods and situations. This
research will focus both on the changing demographics
and their effect on low income and racial populations in
the City of Portland and Multnomah County, Oregon. I
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will use Geographic Information Systems (GIS) and
statistical procedures to analyze demographic change
using 1990 Census and 1996 American Community
Survey data. Because patterns of gentrification often
vary throughout a city, GIS will be useful for spatial
analysis techniques that target neighborhoods that may
be most affected. Census tracts will be the geographic
spatial unit for analysis. Statistical analyses will help sort
out the strength of relationships between demographic
variables and help determine how Portland fares as a
whole. In the analyses I will test to see how appropriate
population change is a proxy for gentrification and if
population changes prove detrimental to low-income
households and people of color. I will look at change in
segregation levels in Portland to see if demographic
changes reflect a pattern of displacement or mixed
incomes. The research will also determine if Portland is
more or less racially segregated because of population
changes. This research will provide insight into how
predominant gentrification and the effects of
gentrification are in Portland that could aid community
development, urban planning and policy.
THE PRECARIOUS NATURE OF "SPECIAL" STATUS FOR
AMERICAN INDIANS AND THEIR LANDS

Frank Shockey
Dept of Geography, University of Minnesota, 414 Social
Science Tower, 267 19th AveS, Minneapolis, MN 55454

I evaluate the continuing conflict between equal
protection ideals and the federal relationship to
American Indians. Equal protection ideals conflict with
the federal relationship to American Indians in that the
government takes two opposed views, one racial and
one political, of American Indians as people. The
precedential Supreme Court holding that reconciled
equal protection ideals with federal Indian law, Morton
v. Mancari, has become less stable in the past 25 years
because it failed to deal clearly with the government's
widespread use of racial criteria in this area of law. The
use of racial criteria is integral in deciding questions of
what land counts as Indian Country, who can be a
member of which tribe, and who is eligible for the many
services the government provides under the trust
relationship, among other questions. Mancari's refusal
to deal with the contradictions inherent in federal Indian
law has backfired since the Supreme Court ruled, in
Adarand Constructors v. Pena, that federal programs
using racial criteria must undergo "strict scrutiny." The
Ninth Circuit Court of Appeals cited Justice Stevens's
Adarand dissent in claiming that after Adarand,
Mancari may be in danger of being overruled. I analyze
recent cases that may affect the interpretation of
Adarand's effects on Mancari, including the recent
Supreme Court decision in Rice v. Cayetano.
THE CROWDED SKIES. THOUGHTS ON A GEOGRAPHY OF
AIRSPACE

Rod Squires
University of Minnesota, Dept of Geography, 414 Social
Science Building, Minneapolis, MN 55455

The federal government has assumed responsibility
for the safety of the aircraft that carry people and cargo
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from airport to airport. To fulfill that responsibility, and
to reflect the different types of aircraft flown by pilots
with different qualifications, the Federal Aviation
Administration (FAA) has created a complex, yet
flexible, geography of the airspace above the land and
water surface of the United States.
A GIS PROCEDURE TO ESTIMATE DEVELOPABLE LAND
IN THE TwiN CITIES AREA

Mari Stensvold and Dr. Robert Werner
Geography Dept, University of St. Thomas, ]RC 432, 2115
Summit Ave, St. Paul, MN

One of the few restrictions on urban sprawl in the
Twin Cities is the MUSA line (Metropolitan Urban
Service Area). The MUSA line is the extent of the
municipal sewage system in the Twin Cities. It is
important to urban density because laws permit denser
development inside the line but require less dense
septic-system based development outside the line. Land
developers want to extend the MUSA line, but problems
arise from the increased urban density in the outer areas
of the Twin Cities, including traffic congestion, public
transportation planning, tax revenues, waste control,
water infiltration and runoff, and changes in the supply
of housing.
Extension of the MUSA line depends in part on
accurate estimation of developable land inside the
MUSA. At the present time, the Metropolitan Council
uses the estimate of a category in their land use layer
called "vacant and agricultural land." It was derived
from screen-digitizing of low altitude air photos and
fairly accurately measures vacant land, but not
developable land. For example, it does not factor in
wetlands, zoning, steep slopes, flood plains, and road
rights-of-way, which are vacant but not developable.
This project developed a procedure to more
accurately estimate developable land in two sample
communities, Maple Grove and Inver Grove Heights.
Through a series of clips and overlays, we excluded
wetlands, zoning, steep slopes, road rights-of-way, and
other areas from the "vacant and agricultural land" class
of the land use data. We found that the Metropolitan
Council's estimate was high by at least 50%, probably up
to 75%.
FEDERAL MILK MARKETING ORDERS AND THE
NORTHEAST DAIRY COMPACT

Jeff Young
University of Minnesota, Dept of Geography, 267 19th Ave S,
Minneapolis, MN 55445

Federal Milk Marketing Orders influence the
geography of dairy farming in the United States by
establishing higher milk prices at greater distances from
Eau Claire, Wisconsin. Congress authorized the Northeast Dairy Compact in 1996 to protect the dairy industry
in the New England states. This legislation presents
further challenges to upper-Midwestern dairy farmers
already disadvantaged by Milk Marketing Orders.
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WILD FORESTS OF ADIRONDACK PARK

Susy Svatek Ziegler
University ofMinnesota, Dept of Geography, 414 Social
Sciences Building, 267 19th Ave S, Minneapolis, MN 55455

Twelve old-growth and 6 post-fire second-growth
hemlock-hardwood forests in northern Adirondack
Park, New York, were studied to pursue the following
objectives: (1) an identification of the species
composition and structure of old-growth and secondgrowth hemlock-hardwood forests; (2) an analysis of the
spatial and temporal patterns of the natural disturbance
regime of this forest type, as reconstructed from
increment cores of canopy trees; and (3) a comparison
of the ground flora and disturbance regime between old
growth and second growth.
Structural attributes are related to stand age. In
comparison with the second-growth forests of this
study, older stands are characterized by: (a) a greater
basal area of trees; (b) a lower density of trees; (c) a
higher density of eastern hemlock (Tsuga canadensis
(L.) Carriere); (d) larger canopy gaps; and (e) a greater
volume of coarse woody debris.
The average rate of natural disturbance for all plots
and decades of the 130-year period from 1850 to 1979
is 4.4- 5.2% of the canopy per decade. Species richness
of the summer ground-flora is statistically similar in old
growth and second growth, but species composition is
not the same. The decadal rate of canopy turnover for
the 50-year period from 1930 to 1979 is statistically
comparable in old growth (3.1 - 4.5%) and second
growth (3.6- 4.2%). Considering all characteristics, the
impact of logging-related fires is still evident to the
trained eye, but these Adirondack forests are wild to the
casual observer because they appear to be characterized
primarily by processes of nature.
STRUCTURAL BIOLOGY
THE STRUCTURE AND FOLDING OF THE THIOL
PROTEASE INHmiTOR CYSTATIN: POTENTIAL ROLES IN
DISEASE PROCESSES

Ellis Bell
Gustavus Adolphus College

The cystatin super-family of proteins are all thiol
protease inhibitors, with a wide variety of protease
specificities depending upon source. Mutations in
cystatin genes have been associated with a variety of
neural diseases including Alzheimer's disease, where
cystatin is a major component in the amyloid plaques,
although whether there is a direct connection with
Alzheimer's disease is currently unknown. Cystatin is a
small protein of approximately 13 kDa molecular weight
and the structure of chicken cystatin has been
determined by both x-ray crystallography and NMR
studies. The structure is comprised of two domains,
each with a helix-strand-tum-strand motif. The second
motif contains two disulfide bonds. Our interest in the
structure and folding of cystatin arose from the
observation that a minor isoform contained 20-fold
greater activity that the normal form. Mass spectrometry
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and phosphopeptide mapping studies indicated that this
isoform containd two phosphorylation sites at the Cterminus of the first helix of the molecule. Computational studies suggested that this phosphorylation led to
significant conformational change in the inhibitory loop
area of the molecule, some distance from the site of
phosphorylation. To further understand the mechanism
of this implied conformational change the folding of the
protein has been extensively studied using a variety of
approaches. Synthetic peptides to each segment of the
first motif have been made and their sturcture examined
by both CD and NMR. The results demonstrate that the
helix nucleates folding of the strand-tum-strand section
of the motif. The first half of the molecule has been
constructed using truncation mutants and shows native
structure and activity. The second domain of the
molecule has been examined using reduction of the two
disulfide bonds and NMR, together with temperature
dependence of NMR. The data suggests that the
disulfide bonds confer significant stability on the second
domain but do not direct the folding. Significantly, the
strand-tum-strand motifs form beta strand aggregates in
the absence of the nucleating helix.
DISRUPTING SUBUNIT COMMUNICATION: POINT
MUTATIONS AT THE SUBUNIT INTERFACES OF
D-3-PHOSPHOGLYCERATE DEHYDROGENASE
]. K. Bellt, G. A. Grant<, and L.]. Banaszakt
t Dept of Biochemistry, Molecular Biology and Biophysics,
University of Minnesota, Minneapolis, MN and tDept of
Molecular Biology and Pharmacology, Washington University
School ofMedicine, St. Louis, MO

Enzymes communicate between subunits to convey
allosteric control or cooperative ligand binding, yet the
identification of residues which play key roles in
relaying regulatory messages is difficult. We have
studied subunit communication in E. coli phosphoglycerate dehydrogenase [PGDH), a homotetramer with
two distinct subunit interfaces. A PGDH subunit consists
of three domains , regulatory, substrate and nucleotide
binding, linked together by flexible hinge regions.
Adjacent nucleotide domains form a dimer; dimers then
associate via adjacent regulatory domains. The catalytic
reaction initiates the serine biosynthetic pathway and is
allosterically controlled by the end product, serine,
which binds across the regulatory domain interface.
L351W PGDH, located between the adjacent regulatory
domains, removes serine inhibition [Grant et. al }BC 273
1998) and isothermal titration calorimetry studies show
serine no longer binds. Dynamic light scattering
experiments indicated that L351W remained a tetramer
and stable to 35'C. The crystal structure, solved at -4 A
resolution in a P6 222 spacegroup [a, b = 152.3 A, c =
163.79 AJ, revealed a tetramer in which the position of
the regulatory domain relative to one another had
shifted 2.4 to 3 A. The translation, which disrupts the
binding pocket of serine, explained the loss of serine
inhibition. The second mutant, W139G PGDH, located
at the nucleotide domain interface, resulted in a dimeric
enzyme which no longer binds serine cooperatively
[Grant et. al ABE 375 2000). The structure was solved by
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MAD phasing [P2 1 space group, a = 74.21 A, b = 70.39
A, c = 148.98 A, b = 95.6']. Structural comparison with
the native enzyme should identify which residues
participate in communicating cooperativity of serine
binding.

DNA LIGASE Ill IS A SUBSTRATE FOR CALPAINMEDIATED PROTEOLYSIS
Laura Bordone and Colin Campbell
University of Minnesota, Dept of Pharmacology Medical
School, 321 Church St SE, Minneapolis MN 55455

The long term objective of this research is to
understand the function of the DNA repair enzyme
ligase III in mammalian cells. Using a yeast two-hybrid
screen we showed that the regulatory subunit of the
calcium-dependent protease calpain is a DNA ligase IIIbinding protein. Recombinant DNA ligase III protein
was shown to be a substrate for calpain degradation in
vitro. This calpain-mediated proteolysis was calciumdependent, and was blocked by the specific calpain
inhibitor calpeptin. Experiments revealed that calpain
binds to the N-terminal region of DNA ligase III. This
portion of DNA ligase III contains an acidic domain
(named PEST) that is frequently present in proteins
cleaved by calpain. A DNA ligase III protein that lacked
a PEST sequence was resistant to proteolysis by calpain.
The physiological relevance of these findings is unclear.
Our preliminary results suggest a possible role for
calpain-mediated proteolysis of DNA ligase III in
programmed cell death. A cytotoxicity experiment was
performed in which human fibrosarcoma cells were
irradiated in the presence or absence of calpeptin.
Western blot analysis revealed that DNA ligase III was
degraded following exposure to ionizing radiation and
its degradation was not detected in cells that had been
irradiated in the presence of calpeptin. These cells were
also protected from cell death. Similar results were
obtained from cytotoxicity experiments in which
fibrosarcoma cells were treated with the topoisomerase
inhibitor campothecin. These data suggest that calpainmediated proteolysis of DNA ligase III may play an
active role in programmed cell death.
EXPERIMENTAL AND COMPUTATIONAL INVESTIGATION OF
SUBSTRATE INDUCED CONFORMATIONAL CHANGES IN
GLUTAMATE DEHYDROGENASE

Michael]. Bradley, David F. Savage, and Ellis Bell
Gustavus Adolphus College, StPeter, MN, USA

Glutamate dehydrogenase (GDH) is a homohexameric enzyme catalyzing the reversible oxidati :e
deamination of L-glutamate to 2-oxoglutarate. Activity i;
also observed with monocarboxylic acids including Lnorvaline. Subunit cooperativity present with glutamare
is absent in the norvaline reaction. The aims of th.5
study were to define structure-function relationshi with respect to the involvement of amino acid substrare
binding in subunit cooperativity. Glutamate anc
norvaline analog inhibition studies show both a stro
pH and substrate dependence of inhibitor interacti
with the enzyme. At pH 8.5 the competitive inhibiti constant for glutarate is 0.25 mM when glutamate is
substrate while the value is 0.059 mM in the norvaline

journal of the Minnesota Academy of Sciena:

Symposia
reaction. Additionally, the noncompetitive inhibition
constant for glutarate is 0.1 mM in the norvaline
reaction, but 7.4 mM in the glutamate reaction. These
data suggests inhibitor interactions are governed by the
induced fit model of cooperativity. At 45° C and pH 8.5,
GDH in the absence of ligands denatures with an
exponential rate constant of 0.059 ± 0.003 min-1.
Glutamate incubation slows denaturation one order of
magnitude whereas the enzyme is inherently stable
when norvaline is present. Furthermore, the glutamateenzyme bound transition state (TS) has a higher
activation energy than the norvaline-enzyme TS,
suggesting conformational difference in the bound TS.
Computational substrate docking studies, using
molecular mechanics methods reveal a potential
difference in glutamate versus norvaline binding
involving Thr 199, Asn349, and Ser381 . These differences
indicate a possible conformational change in the active
site depending on bound substrate. The combination of
direct experimentation and computational analysis
provide a possible mechanism of conformational
change resulting in subunit communication of this
complex allosterically regulated enzyme.
DEFECTIVE DNA END-jOINING IN FANCONI ANEMIA
FmROBLASTS

Colin Campbell, Sarah Donahue, and Richard Lundberg
Dept of Phannacology, University ofMinnesota Medical
School, 6-120]ackson Hall, 321 Church St SE, Minneapolis

Fanconi anemia (FA) is a genetic disorder associated
with genomic instability and cancer predisposition.
Cultured cells from FA patients display high levels of
spontaneous chromosome breaks and an increased
frequency of intragenic deletions, suggesting that FA
cells may have deficiencies in repairing DNA double
strand breaks. In this study, an in vitro plasmid DNA
end-joining assay was used to characterize the endjoining capabilities of nuclear extracts from diploid FA
fibroblasts from complementation groups A, C, and D.
The FA extracts had 3- to 9-fold less DNA end-joining
ac~v~ty than normal extracts. Wild-type end-joining
actlVlty could be reconstituted by mixing FA-D extracts
with FA-A or FA-C extracts, while mixing FA-A and FAC extracts had no effect on end-joining activity. Protein
expression levels of the DNA-dependent protein kinase
(DNA-PK)/Ku-dependent non-homologous DNA endjoining proteins Xrcc4, DNA ligase IV, Ku70, and Ku86
in FA and normal extracts were indistinguishable, as
were DNA-dependent protein kinase and DNA endbinding activities. The end-joining activity as measured
by the assay was not sensitive to the DNA-PK inhibitor
wortrnannin or dependent on the NHEj factor Xrcc4.
However, when DNA/protein ratios were lowered, the
end-joining activity became wortmannin-sensitive and
no difference in end-joining activity was observed
between normal and FA extracts. Preliminary results
conducted in intact FA cells revealed a defect in DNA
end-joining of both blunt-ended and cohesive-ended
plasmid substrates. Taken together, these results suggest
that the FA fibroblasts have a deficiency in a DNA endjoining process that is distinct from the DNA-PK/Kudependent NHEj pathway.
Vol. 65, No. 1, 2001

CELL-CYCLE RELATED EXPRESSION OF RAP 1, A RAs
FAMILY MEMBER AND POTENTIAL INHffiiTOR OF
PROLIFERATION

jennifer L. Cruise
Dept of Biology, University of St. Tbomas, 2115 Summit Ave,
St. Paul, MN

One area of research in our lab is the cell-cycleregulated expression of the mammalian Rapl protein, a
member of the Ras family of small GTP-binding
proteins. Rap1 proteins compete with Ras p21 for
binding to effectors, and antagonize some Ras-induced
effects, including oncogenic transformation, but their
participation in normal growth regulation has not been
established. We have demonstrated that both Rap1
protein and the expression of the rap1A gene, were
significantly down-regulated prior to and during the
onset of DNA synthesis, in the regenerative growth
response in rat liver following partial hepatectomy
(Cruise et al., 1997). Non-immortalized human embryoderived fibroblasts in vitro also down-regulate
expression of the rap1A gene, when they are stimulated
to proliferate. The timing is consistent with a model in
which expression of Rap1 is turned off or down, to
allow the initiation of proliferation. A role as a tumor
suppressor has been postulated for over 10 years, but
evidence in support of an anti-Ras or anti-proliferative
action for Rap1 has been lacking. Virtually every study
of Rap1 expression has been done in immortal or
transformed cell lines. Our data indicate that
immortalized cell lines, in contrast to the non-immortal
lines and primary tissues described above, do not show
significant down-regulation of rap1A expression as they
move into S phase. As virtually every immortal line can
be shown to have lost some aspect of the feedback
control mechanisms that restrict proliferation in normal
cells, it may be hypothesized that the confusion over the
importance of Rap1 proteins in cell cycle control stems
at least in part from the use of immortal and transformed
cell lines.
RAD51 IS REQUIRED FOR THE COORDINATION OF
NUCLEAR DMSION AND DEVELOPMENT IN THE CILIATE,
TETRAHYMENA THERMOPHILA

Thomas C. Marsh, Eric S. Cole*, joshua j Smith• and
Daniel P. RomerO*
Dept of Chemistry, University of St. Tbomas, St.Paul, MN;
•Dept of Biology, St. Olaf University, Northfield, MN; tDept of
Phannacology, University ofMinnesota, Minneapolis, MN

RAD51, the eukaryote homolog of the E. coli recA
gene product that catalyzes strand exchange between
single- and double-stranded DNA, is involved in both
genetic recombination and double-strand break repair in
the ciliated protozoan Tetrahymena thermophila.
Ciliated protozoans such as Tetrahymena thermophila
possess two structurally distinct nuclei that effectively
divide the labor of germline and somatic genetic
functions. The micronucleus (MIC) serves as the
germline nucleus, divides mitotically during vegetative
growth, is diploid (2N = 10 for Tetrahymena), and is
transcriptionally silent. In contrast, the macronucleus
(MAC) serves as the somatic nucleus, divides
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amitotically, contains multiple copies (45C) of most
genes, and is transcriptionally active. Normal cells
express RAD51 in a cell cycle dependent manner and
during key chromosomal rearrangement events during
development. Disruption of the RAD51 locus in t~e
Tetrahymena somatic macronucleus leads to defects m
division of the gerrnline micronucleus, resulting in
aneuploid cells after successive vegetative fissions.
Mating two somatic rad51 null strains results in meiotic
arrest early in sexual reproduction (prezygotic
development). Tetrahymena strains that are incapable
of RAD51 expression during nuclear differentiation
(postzygotic developement), arrest at the first vegetative
cell division following conjugal development.
Coincident with the developmental arrest is a
disproportionate amplification of the ribosomal RNA
gene (rDNA), despite the maintenance of normal total
DNA content for each developing macronucleus. There
is also a concomitant increase in cell mass in the
arrested cells. Electrofusion of the arrested, rad51 whole
genome null progeny to wild type cells is sufficient to
overcome the arrest. Cells rescued by cytoplasmic fusion
continue to divide, eventually recapitulating the
micronuclear mitotic defects described previously for
rad51 somatic nulls. In contrast to rad51 null mutants,
Tetrahymena that constitutively expresses RAD51
during vegetative growth have a high frequency of
macronuclear mis-segregation. Taken together, these
observations indicate that RAD51 is involved in
coordinating nuclear and cytoplasm development.

8

THE XANTHOPHYLL CYCLE AND ACCLIMATION OF

EVERGREEN LEAVES TO WINTER STRESS.

Amy Verhoeven
University of St. Tbomas, 2115 Summit Ave, Saint Paul, MN
The xanthophyll cycle is involved in a photo-

protective process whereby excitation energy absorbed
by chlorophyll that is in excess of what can be used in
photosynthesis is dissipated thermally within the light
harvesting complexes of the photosystems. During
winter, as maximal rates of photosynthesis are reduced
by low temperatures, the fraction of excess light
absorbed by evergreen leaves increases dramatically.
This study investigated the ecophysiological role of the
xanthophyll cycle during winter stress. Seasonal
differences in leaf photosynthetic properties, the
xanthophyll cycle conversion state, and leaf adenylate
status were investigated in several evergreen species in
Boulder, Colorado. On very cold days in winter, all
species showed reductions in photosystem II efficiency
(Fv/Fm) and the conversion state of the xanthophyll
cycle remained high throughout day and night. Upon
transfer of leaves from subzero temperatures in the field
to room temperature, all species showed recovery
(increases in Fv/Fm). In some species recovery
consisted of a rapid phase (minutes) and a slow phase
(hours). In all cases, the slow phase of recovery
correlated with re-conversion of zeaxanthin to
violaxanthin. Predawn and midday levels of ATP/ADP
were similar in leaves collected in summer and winter in
most species. The data suggest that winter reductions in
Fv/Fm are caused by retained xanthophyll-cycle
dependent energy dissipation. Additionally, two
mechanisms for retention of energy dissipation are
suggested; one that requires a proton gradient across the
thylakoid membrane and that reverses rapidly upon
warming, and another that is independent of a proton
gradient and reverses slowly upon warming.
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WINCHELL UNDERGRADUATE RESEARCH SYMPOSIUM
CONSTRUCTION OF A TAXONOMIC KEY TO THE MUSSELS
OF THE ST. CROIX RivER USING REsTRICTION
FRAGMENT LENGTH POLYMORPHISMS.

M. Albert, ]. Straka, M. Hove, D. Hornbach.
Dept of Biology, Maca/ester College, 1600 Grand Ave, St.
Paul, MN 55105

North America is home to the greatest diversity of
freshwater mussels in the world. However, threats such
as habitat changes, harvesting and invasive species have
also made these bivalves the most threatened group of
freshwater organisms. During the life cycle of native
freshwater mussels, they undergo a larval (glochidial)
period of parasitic encystment on fish hosts. These
relationships play a vital role in the maintenance of
mussel populations. In order to preserve the diversity of
this heavily imperiled group, species specific musselhost relationships need to be defined more clearly. One
of the major difficulties in clarifying these relationships
involves identification of the microscopic juvenile forms.
The goal of the current research is the construction of a
taxonomic key for the St. Croix River mussel
populations that would allow species level identification
of glochidia or recently transformed juveniles. In this
study, molecular techniques are used in determining
species specific genetic markers. An intron in the genes
encoding ribosomal RNA w ithin the mussel genome, the
ITS-I region, has been selected which displays
interspecies polymorphism. This region is amplified
using the polymerase chain reaction (PCR). The
amplified DNA is fragmented with selected restriction
endonucleases, and analyzed by agarose gel
electrophoresis, revealing polymorphisms present in the
ITS-I region. To date, restriction fragment length
polymorphism patterns have been obtained for a total of
24 species. Here, the variation in differences between
species is demonstrated, and unique patterns for the
genus Quadrula are reported.

history, as firmly tied to enzymatic catalysis. The
enzyme enoyl-CoA hydratase is one of eight known
enzymes which catalyze syn eliminations of water. The
aforementioned dogma would argue that the syn
pathway must therefore be more efficient than anti for
the substrate involved. However, basic organic
chemistry suggests that the preferred stereochemistry of
I ,2-elimination reactions of acyclic molecules would
proceed via an anti pathway. Our previous studies of
the stereochemistry of base catalyzed I ,2-elimination
reactions of ~-hydroxybutyric acid derivatives has also
shown a strong preference for anti elimination. There
are thought to be two major factors affecting the
reaction's stereochemistry: the pKa of the leaving group
and the pKa of the proton that is removed. Thus far in
our research both thioesters and esters have been tested
with a variety of leaving groups (tosyloxy, acetoxy, trimethylacetoxy, m-trifluoromethyl phenoxy). My
research is a study of m-trifluoromethyl phenoxy
ketones. There is no guarantee that I,2-elminations of
acyclic ~-phenoxyketones will demonstrate any stereochemical preference in non-enzymatic systems, since no
one has previously been successful in determining the
influence of the ketone carbonyl group on the
stereochemistry of I ,2-elimination reactions. However, it
is important that these data are obtained. Before these
elimination studies can be run, the substrates must first
be synthesized. Progress has been made toward this
synthetic goal via the Weinreb amide approach
employing organometallic reagents.
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THREE-DIMENSIONAL OBJECT RECOGNffiON USING
INvARIANT EUCLIDEAN SIGNATURE CURVES

Aaron Ames
University of St. Thomas, 2115 Summit Ave, St. Paul, MN

In this paper we present a three-dimensional object
recognition method based on the calculation of invariant
Euclidean signature curves from the two-dimensional
silhouettes of three-dimensional objects. The method is
suitable for engineering applications like computer
vision and artificial intelligence. Silhouettes of objects
are obtained at regular intervals over a full range of
projection angles, and a signature curve for each is
computed and stored. A frequency domain approach is
used to compare a target object's signature curve to the
stored curves.
SYNTHESIS OF STEREOSPECIFICALLY DEUTERATED
ACYCUC KETONES.

Brandon Beyer
Carleton College, 300 North College Street, Northfield, MN

There is a strong historical tendency in biochemistry
to hold chemical efficiency, rather than evolutionary
Vol. 65, No. 1, 2001

Figure 1: Synth:ti c targets forth: sttrly of ba'le-catal}'2l:d
elimination rea:tiom.

ARE BCL-2 AND CASPASE-3 INvOLVED IN THE RESPONSE
OF CERVICAL CANCER CELLS TO INDUCED APOPTOSIS?

Nicole Catherine Bonnett
Hamline University, St. Paul, MN 55401

Apoptosis is a physiological process necessary to
living cells for maintaining tissue homeostasis. Every cell
has the innate ability to preserve its structural and
functional integrity and to exercise self-elimination
when cell injury occurs. Caspases play an important role
in the execution phase of apoptosis with caspase-3
being the major "executioner." Alteration in apoptosis
during cervical carcin oge nesis is linked to the
undisputed role of human papilloma virus (HPV).
Deregulation of apoptosis has been demonstrated by
alterations in cell cycle regulation in HPV-infected
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cervical epithelial cells. Ninety-five percent of cervical
carcinomas worldwide bear HPV. HPV oncogenic
viruses exert major assault on another apoptosis control
mechanism by offsetting normal expression of pro- and
anti-apoptotic members of the Bcl-2 protein family. The
purpose of this study was twofold: first to verify the
presence of caspase-3 in cervical cancer cells and
second to observe the reaction of the bcl-2 protein
family as caspase-3 is activated by chemotherapeutic
drugs. In this study, research was done using human
cervical cancer cells HPV-positive (CaSKi) and HPVnegative (C33A) cells. The techniques used for detection
were SDS-PAGE and Western blotting. Caspase-3 was
detected in both HPV+ and HPv- cells; however, Bcl-2
was not observed.
EXPERIMENTAL AND COMPUTATIONAL INvEsTIGATION OF
SUBSTRATE INDUCED CONFORMATIONAL CHANGES IN
GLUTAMATE DEHYDROGENASE

For thousands of years, cannabis and its cannabinoid
compounds, including delta-9-tetrahydrocannabinol, the
principal ingredient of marijuana, have been used as
analgesics, antiemetics, antispasmodics, and hypnotics
by
many
peoples
throughout
the
world.
Palmitoylethanolamide, or PEA, is found in peripheral
tissues and has been proposed to downregulate mast
cell activation, and therefore, inflammation, by binding
to the cannabinoid receptor, CB2. This study assessed
the effects of PEA downmodulating mast cell activation
and hyperalgesia through behavioral studies of rats
utilizing a carrageenan-induced pain model. The results
indicate that PEA on carrageenan-induced hyperalgesia
does not significantly reduce heat hyperalgesia by acting
as a cannabinoid receptor agonist. Further study of the
effects of PEA in reducing mechanical hyperalgesia has
yet to be studied.

Michael]. Bradley, David F. Savage, and Ellis Bell

Do MALE BROWN ANOLES (ANOLIS SAGREI) USE
COLOR CHANGE TO COMMUNICATE FIGHT OUTCOMES?

Gustavus Adolphus College, St Peter, MN, USA

Erika Rene Cantamessa

Full text appears on pages 6-7.
THE ROLE OF EXOGENOUS GLUCOSAMINE ON MOUSE
MRNA LEVELS

Laura Brunner and Dr. Theodore Oegema
University of Minnesota, Ot1hopaedic Surgery Laboratory, 262
Diehl Hall, 505 Essex St SE, Minneapolis, MN 55455

Osteoarthritis is a disease in which the cartilage
lining the joints degenerates often leading to pain and
loss of quality of life. Glucosamine is currently an
unregulated food supplement advertised as a
"chondroprotective" agent for joint biology. It is a
precursor for the synthesis of glycosaminoglycans,
which are components of healthy cartilage. Glucosamine synthase is the first enzyme in the pathway for
glucosamine synthesis. An animal model was used to
study the effects of dietary glucosamine on the
regulation of glucosamine synthase. To test whether
glucosamine synthase would be subject to feedback
inhibition at the level of transcription, a quantitative RTPCR assay was used to quantify mRNA, and an enzyme
assay was used to determine specific activity in the liver
and kidney of animals. No significant change in the
levels of mRNA for glucosamine synthase was found in
the animals that were fed dietary glucosamine. This
indicates that these animals were still transcribing
glucosamine synthase at their own normal levels.

Hamline University, 1536 Hewitt Ave, St. Paul, MN 55104

Many animals use color for communication during
fights between males. In some species absolute color
predicts the outcome of a fight. Other species, such as
green anole lizards (Anolis carolinensis), use color
change to signal the identity of winners and losers when
the fight ends. In ·green anoles winners lighten their skin
to green while losers darken their skin to a dark brown.
Little is known about the uses of color change in fights
in the closely related brown anole (Anolis sagrei). In an
unpublished study losing brown anoles, like green
anoles, tended to darken their skin color after a fight.
Whether winning brown anoles similarly lighten their
skin color is unknown. If brown anoles are using color
change to signal fight outcome, then winners should
lighten and losers should darken after fights. I observed
fights between isolated pairs of captive brown anoles. I
used paint swatches to quantify and compare anole
color. Fights were video taped to record display frequencies, while color was audibly recorded every 30 s
from the beginning of a trial. Anoles with a higher
display frequency consistently won fights. Absolute
color of anoles at the start of a fight and color change
after a fight did not predict fight outcome. However,
both winning and losing anoles tended to darken their
skin at the end of fights. Therefore, brown anoles may
not use color change to signal fight outcome. Instead,
color change may only be a response to stress.

THE EFFECTS OF THE CANNABINOID RECEPTOR
AGONIST PALMITOYLETHANOLAMIDE ON CARRAGEENANINDUCED HYPERALGESIA IN RATS

SYNTHESIS AND ELIMINATION STEREOCHEMISTRY OF AN
ESTER T-Bum 3-TRIMETHYLACETOXYBUTANOATE

Erin M. Callan

Hans Carlson

Hamline University, 1536 Hewitt Ave, St. Paul, MN 55104

Carleton College, 300 N. College St, Northfield, MN 55057

Pain, or nociception, is a sensation that is
experienced by all humans. The greatest cause of pain
in humans is inflammation. It is an important protective
reaction to injury, infection, or irritation, consequently
causing redness, heat, and swelling in addition to pain.
The tenderness associated with inflammation is referred
to as hyperalgesia, where there is a decreased threshold
for pain/enhanced pain to a normally painful stimulus.

Our research group at Carleton College studies the
stereochemistry of addition-elimination and protontransfer reactions involving ~-substituted butyrate esters
and thioesters. This research has an interesting
biological context. We have found that base-catalyzed
addition of D?O to a thioester substrate of the enzyme
enoyl-CoA hydratase favors the anti pathway even
though the enzyme itself favors the syn pathway. This
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bears on the importance of evolutionary history in the
efficiency of enzymatic catalysis. My research deals with
the effect of leaving group pKa on the stereochemistry
of elimination reactions on ~-substituted butyrate esters
and thioesters. Previous studies have shown the general
trend that increasing leaving group pKa is correlated
with increased percentage of syn elimination. However,
a higher than expected percentage of syn elimination
was discovered for the acetoxy leaving group (pKa =
4.8, 20o/o syn) when compared with the trifluoromethylphenoxy leaving group (pKa = 8.9, 11 ± 2 o/o syn).
An intramolecular elimination pathway, caused by
hydrolysis of the acetoxy leaving group, is the current
theory for the high percentage of syn elimination for the
acetoxy compound. In order to test this theory, I have
synthesized, t-butyl 3-trimethylacetoxy-2,3-dideuterobutanotate, the isotopically labelled, more stericallyhindered analogue of the acetoxy ester. For the
hydrolysis of aliphatic carboxylic esters, the relative rate
of a t-butyl ester hydrolysis is 1/100 compared to a
methyl ester hydrolysis. Thus, we should expect about
a hundred-fold decrease in the rate of hydrolysis for this
substrate and perhaps less syn elimination that seen in
the acetoxy substrate. I am currently preparing to
conduct the elimination and kinetics studies.
KINETIC ANALYSIS OF FUMARASE BY U.V. AND NMR
SPECTROSCOPY
Wendy Christensen and Patricia C. Dunlop
College of St. Catherine, 2004 Randolph Ave, St. Paul, MN

Fumarase is one of several enzymes that functions in
the tricarboxylic acid cycle involved in glucose
utilization and energy production. It is a unique enzyme
in that it is kinetically reversible with its reaction direction distinguishable through the maximum velocities
and Michaelis constants. Moreover, it is somewhat
unique in that the chemistry of the reactant (fumarate)
versus the product (malate) provides opportunity to
evaluate kinetic parameters using two very different
instrumental approaches. Thus, it is an excellent
candidate to demonstrate the importance of
experimental limits of detection and instrumental choice
in research problems. In this study, the kinetics of the
fumarate reaction was measured using an ultraviolet
(U.V.) spectrometer and a nuclear magnetic resonance
spectrometer (NMR). Fumarate contains a double bond
while L-malate does not, hence fumarate will absorb
U.V. light while L-malate will not. Thus, kinetic
transformation of fumarate into malate was followed
spectrally by a decrease in absorbance with time. Using
NMR spectrometry, the concentration of fumarate was
determined through integration height while the
decrease in height with time was taken as the
transformation of substrate into product. While the
kinetics of this reaction as determined by U.V.
spectrometry is will known, the ability of_ an NM~
technique has not been reported. Thus, the object of th1s
study was to perform a comparative kinetic study.

Vol. 65, No. 1, 2001

TOXICITY OF MALATHION: GAUGING TOXICITY
THROUGH THE IDENTIFICATION OF METABOLITES.

Matthew H. Clement and Dr. James G. Straka.
Depts of Chemistry & Biology, Maca/ester College, 1600 Grand
Ave, St. Paul, MN 55105

Toxicants in an organism's environment will have
notable effects on metabolism. The toxicant of focus in
this study is the commonly used organophosphate
pesticide malathion, which displays its to~ic~l~~ical
effects through acetylcholinesterase (AChE) mh!b!tion.
Cytochrome P450 catalyzes the oxidation of malathion
to malaoxon, which is the pharmacologically active
toxicant that inhibits AChE by phosphorylating the
active site. Nonspecific carboxylesterases residing in the
liver cleave malathion into its acid forms. This yields the
mono- and dicarboxylic acids (MCA and DCA,
respectively). Using GC-MS, these metabolites can be
identified and quantified in tissue or blood extracts. The
presence and quantity of the metabolites malaoxon,
MCA and DCA can be used to infer the extent and
efficiency of toxicant metabolism by P450 and
carboxylesterases in experimental animals. The northern
leopard frog (Rana pipiens) is the model organism for
this acute toxicity study not only because of its
prevalence in Midwestern wetlands but also due to the
developmental deformities and population decreas~s
that the species has exhibited in recent years. In th1s
study, frogs were exposed to malathion concentrations
comparable to those encountered in the environme?-t.
Blood samples were obtained by a non-fatal card1ac
puncture method. There have been very few
toxicological studies involving the catalytic activity of
P450 and liver carboxylesterases performed on
amphibians. It is hoped that concentration of
metabolites in blood samples will aid in deducing the
role of these enzyme systems in toxicant metabolism
and further elucidate malathion detoxification in frogs.
CORRELATION OF MICRONUCLEAR D NA CONTENT WITH
NUCLEAR RECRUITMENT ASSOCIATED WITH REPRODUCTIVE SUCCESS IN TETRAHYMENA THERMOPHILA

Bryan Cole
St. Olaf College, 1500 St. Olaf Ave, Northfield, MN 55057

Successful selection of a haploid micronucleus (MIC)
in both cells of a mating pair of Tetrahymena leads to
successful fertilization and development. Occasionally a
nucleus will not be selected on one side. This leads to
abortive development. It is unknown what causes a
nucleus to be selected or not. We hypothesized that
there would be a positive correlation between MIC DNA
content and selection success in crosses involving
aneuploid star cells or nullisomic cells. This was found
to be too na·ive a hypothesis. The nullisomic cell lines
tested did show a positive correlation between DNA
content and selection success, however they showed
only moderate reduction in selection success. Star cells
showed an extreme reduction in selection success, but
no correlation between amount of DNA and selection
success. Furthermore, the rare successful mating of a
star cell by a wild-type cell results in offspring that are
infertile, like a star cell. We also believe we have created
11
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a cell which is polyploid and star-like because it
probably has some star MIC DNA, has a triploid (6C)
amount of MIC DNA, and exhibits very low selection
success, or infertility. These data led to a more
developed hypothesis. We now believe that selection
failure in star cells is due to MIC chromosomal damage
or fragmentation and a meiotic surveillance mechanism.
ERROR ANALYSIS OF THE NEXT GENERATION RADAR
STORM TOTAL PRECIPITATION ESTIMATES

Jonathan Hugh Conder
St. Cloud State University, Earth Science Dept, 720 4th Ave S,
St. Cloud, MN 56310

One of the earliest quantitative uses of
meteorological radar data was the measurement of
rainfall. The radar's ability to scan rain showers and
thunderstorms over large areas very quickly makes it a
valuable tool for weather and flood forecasting. The
Next Generation Radar, NEXRAD, has a great advantage
by sampling large areas nearly simultaneously, but it
measures the rainfall rate above the earth, not at the
surface. Eleven convective rainfall events occurring
across Minnesota and western Wisconsin have been
chosen during the warm season moRths of May through
September for 1999 and 2000. Storm total precipitation
estimates made by the WSR-88D Doppler radar located
at Chanhassen Minnesota will be compared to the
ground truth of the National Weather Service Rain
Gauge Network. This study will yield a statistical
analysis of the uncertainty and quantify the amount of
error of storm total precipitation estimations. It is to be
expected that the WSR-88D radar at Chanhassen will
overestimate rainfall rates for ranges less than 30
nautical miles due to beam oversampling of the
atmosphere. Underestimations at long ranges greater
than 60 nautical miles will also be expected due to the
overshooting effect of the radar beam of the
precipitation induced by the curvature of the earth.
DESIGN OF A PRESSURIZED SPECTROELECTROCHEMICAL

CEll
Emily Decker
Hamline University, St. Pa u l, MN

Although more than 50% of the earth's biosphere is
oceanic and exists at pressures in excess of 400
atmospheres the majority of research in biochemical
systems has been performed at pressures near 1
atmosphere. Little research has occurred in this area
because there is a lack of instrumentation capable of
measuring biochemical systems at these high pressures.
The goal of this study is to design an instrument capable
of measuring fundamental properties of biomolecules at
high pressures. Specifically, an instrument will be
designed and tested to measure electrochemical and
spectroscopic properties of small redox active
molecules. Once the electrochemical cell has been
tested with well-studied redox active molecules it will
be used to examine these same properties 'for an
electron-transport protein isolated from a microorganism that thrives under these conditions.
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CYSTEINE RESIDUE LABELING IN DETERMINATION OF
CONFORMATIONAL CHANGES IN THE LACTOSE PERMEASE
PROTEIN

Diane Downie and Margaret Schwinghammer
St. Olaf College, 1500 St. Olaf Ave, Northfield, MN 55057

The lactose permease of Escherichia coli is a model
system used to investigate the structure and function of
transport proteins. ]essen-Marshall and Brooker 0996;].
Biol. Chern. 271, 1400-1404) have shown that a
conserved amino acid sequence found in members of
the uniport, symport, antiport superfamily is important
for conformational movement Suppressor analysis
suggests this sequence, found in the cytoplasm loop
connecting transmembrane domains two and three
stabilizes the helix in the lipid bilayer. The present stud~
focuses on determining the protein/membrane
boundary. This can be determined by using membrane
impermeable fluorescent probes such as Oregon-green
maleomide (OGM) which reacts with cysteine
residues. Using the techniques of site-directed mutagenesis and molecular cloning, cysteine mutations in
periplasmic loop 1-2 can be created to test for protein
flourescence. These constructs will be made using the
plasmids pACYC184 and pACYC177 as steps in the
cloning process. By using the cysteine residue at position 148 on the pQE-30-LacY plasmid and changing it to
serine, the movement of the lactose permease protein
can be determined by its ability or inability to react with
the OGM probe. The serine mutation will eliminate
background fluorescence, so that specifically can be
added. Therefore, once the plasmid can be transformed
into E. coli, the conformational changes of the lactose
permease protein may be able to be determined by the
binding of OGM probes to the cysteine residues.
PARA-CHLOROAMPHETAMINE:
DEPRESSION IN RATS

A PossmLE MoDEL FOR

Amber Erickson, Lindsay Fostel, Ian Harmon, Shane
Stamschror, Ari Winbush, and Lin Aanonsen, Ph.D.
Dept of Biology, Maca/ester College 1600 Grand Avenue, St.
Paul, MN 55105.

A decrease in serotonin has been implicated in
numerous psychological disorders. The serotonergic
system includes a complex variety of receptors and
specifically the 5-HT1A receptor has been linked to
involvement in depression. The 5-HT1A receptor is an
autoreceptor and acts to inhibit serotonin production,
turnover and release. Para-chloroamphetamine has been
found to decrease serotonin levels in the frontal cortex
resulting in a down-regulation of the inhibitory 5-HT '
receptor. An increase of 5-HT1A receptors has also be~~
discovered in the midbrains of suicide victims
previously diagnosed with major depressive disorder.
This study investigated the effects of para-chloroamphetamine on the serotonergic system of rat brains. The
behavioral effects of para-chloroamphetamine were
examined by the forced swim test as a model of
depression. We found that rats treated with one
injection of para-chloroamphetamine (lOmg/kg intraperitoneally) exhibited a decreased swim time seven
days after injection. This may indicate that para-
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chloroamphetamine effectively alters the serotonergic
system resulting in "depression" in rats. We are currently
investigating the densities of 5-HT IA receptors in the
dorsal raphe nucleus and serotonin in the frontal cortex,
in rats injected with para-chloroamphetamine.

CCL39 cells were incubated with high concentrations of
anisomycin and the modulation of NHE1 and MAPK
activity observed. These studies indicate a direct
involvement of MAPK in the <Xcadrenergic activation of
NHE1 in CCL39 cells.

THE EUMINATION STEREOCHEMISTRY OF TERT-BUTYL
3-(3-TRIFLUOROMETHYLPHENOXY)THIO-BUTANOATE

TYROSINASE ACTIVITY IN THE SKIN OF AN ALBINO
GECKO (EUBLEPHARIS MACULAR/US)

Angela S. Fleischhacker

Tony Gamble

Carleton College, Northfield MN 55057

Metropolitan State University, 700 East 7th St, St. Paul, MN

The role of pKa was studied in a continuing effort to
more fully understand the stereochemical pathways for
elimination of beta-substituted butyrate esters and
thioesters. This research investigated the base-catalyzed
1,2-elimination reaction of dideuterated tert-butyl
thioester of 3-(3-trifluoromethylphenoxy)butanoate and
showed that it proceeds by 16% syn elimination. In
comparison, the corresponding ester proceeds by 11 o/o
syn elimination. The trifluoromethylphenoxy group,
with a pKa of 8.9, is a poor leaving group and this
particular thioester is approximately one hundred times
more acidic than its corresponding ester. This is the first
time where a difference in percentage of syn elimination
has been experimentally determined between an ester
and thioester. These findings give a more definitive
correlation between the pKa of the leaving group on the
molecule, the differences in acidity between esters and
thioesters, and the percentage of syn elimination.

Amelanism is the inability to produce the pigment
melanin and is a type of albinism. The production of
melanin is a process that takes several steps and is
controlled by multiple genes. The first two steps are the
transformation of the amino acid tyrosine to dopa and
then dopa to dopaquinone. These two reactions are
catalyzed by the enzyme tyrosinase. Lack of the enzyme
tyrosinase has been shown to cause amelanism in
several species of vertebrate animal. I obtained skin
biopsies from an amelanistic and a normal leopard
gecko (Eublepharis macularius) and incubated them in
a solution of dopa. The pigment producing cells, or
melanophores, in the presence of dopa, will become
heavily pigmented because the tyrosinase oxidizes it to
dopaquinone, which then goes down the pathway to
become melanin. In the absence of tyrosinase, the
melanophores remain unpigmented. Tyrosinase was, as
expected, present in the skin of the normal gecko but
was also present in the skin of the amelanistic gecko.
This suggests that the failure to produce melanin occurs
at a different place in the melanin pathway and indicates
an area in need of future research.

G PROTEIN COUPLED RECEPTOR ACTIVATION OF THE
SODIUM HYDROGEN ION EXCHANGER IS DEPENDENT
ON EXTRACELLULAR SIGNAL-REGULATED KINASE
ACTIVATION.

M. Funfar, R.J. Kuehn, H. Boyum, K. Altman,
S.M. Olmschenk, ].]. Provost, and. M.A. Wallert
Depts of Biology and Chemistry, Minnesota State University,
Moorhead, MN

The Na+-H+ exchanger isoform 1 (NHEl) is present
in virtually all mammalian cells where it is involved in
the regulation of intracellular pH (pH) and cellular
volume. The exchange activity of NHE1 is highly
regulated by growth factors, hormones and extracellular
matrix proteins. Alkalinization of pH; by NHE1 is a
requirement for cell proliferation. NHE1 is the only
isoform of the exchanger expressed in Chinese hamster
lung fibroblasts (CCL-39). NHE1 is activated by a wide
variety of agonists. One of the most studied signaling
pathways is the growth factor ~ Ras ~ MAPK pathway.
In cardiac cells, G-protein-coupled <XI-adrenergic
receptor leads to the activation of NHE1; however, its
mechanism is not clear. The present study elucidates the
relationship between G-proteins, MAPK, and NHE1 in
CCL-39 cells. Phenylephrine (PE) stimulated both NHE1
and MAPK in CCL-39 cells. Activation of MAPK occurs in
a dose and time dependent manner. Optimal MAPK
activation was observed at ten minutes and displayed a
maximum stimulation at 50 to 100 pM PE. <XI-adrenergic
stimulation (lOOpM) also led to a rise in steady-state pHi
of 0.12 ± 0.03 pH units. PE activation of NHE1 transport
and MAPK activity was inhibited by pretreating cells
with the MEK inhibitor PD98059. To further demonstrate
the specificity of PE regulation of NHE1 and MAPK,
Vol. 65, No.1, 2001

ERROR ANALYSIS OF THE ASOS HEATED TIPPING
BUCKET PRECIPITATION ACCUMULATION SENSOR
DURING COLD-WEATHER PRECIPITATION IN ST. CLOUD,
MINNESOTA

Jacob M. Gontesky
St. Cloud State University, 720 Fourth Ave S, St. Cloud, MN

The Automated Surface Observing System (ASOS) is
widely regarded as one of the great advancements in
meteorological technology in recent decades. It has
allowed detailed, cost-effective surface weather observations to be documented from a wide range of sites on a
relatively frequent basis. However, with the reliance on
this technology, some drawbacks have been discovered.
The automated instruments have shown some biases
over previous manual observations. One of the instruments showing a systematic error is the heated tipping
bucket precipitation accumulation sensor. This instrument consists of a heated funnel which collects and
melts frozen precipitation. Once collected, the liquid is
funneled into the tipping bucket apparatus. The tipping
bucket then records the accumulated precipitation.
Observations provide strong evidence that the
heated tipping bucket instrument under-reports coldw eather precipitation accumulation. This research
consists of measurements taken from precipitation
events during the 2000-2001 cold season in St. Cloud,
Minnesota. Automated precipitation accumulation data
was recorded during each precipitation event. A
standard, 4" cylindrical Tenite® rain gauge was
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mounted within approximately 30 meters of the St.
Cloud ASOS station. Manual observations were recorded
from this instrument following each precipitation event.
A regression analysis was performed comparing the data
from the two gauges. A statistical model has been
constructed for correction of the ASOS measurements.

cytosol and mitrochondria may favor the formation of
GSNO by reacting with NO' "in excess", thereby
avoiding damaging side reactions (e.g., peroxynitrite
formation), and facilitate the inactivation of NO· by
generating other nitrogen related species without the
chemical properties characteristic of NO·.

MECHANISMS OF S-NITROSOGLUTATHIONE DECAY

SYNTHESIS OF A BORON CONTAINING NUCLEOSIDE FOR
BORON NEUTRON CAPTURE THERAPY

Anna Gybina
University of Minnesota, Dept of Chemistry, 10 University
Drive, Duluth, MN 55812

Considering the extensive variety of biological
functions attributed to nitrosothiols, few studies have
been carried out in an attempt to determine the kinetic
mechanism(s) underlying their decay, the factors
affecting this process (especially those relevant to
biological systems), and the reaction products originated
from the nitrogen- and sulfur-containing moieties. We
examined the decay of nitrosoglutathione. The
homolytic mechanism was mainly affected by light and
temperature whereas the heterolytic one entailed the
addition of an available nucleophile. Both mechanisms
yielded various products which vary in quality and
quantity depending upon the presence of oxygen,
superoxide dismutase, pH, and metal concentration. A
mechanism has been proposed to fit our results and to
provide the means for interpretation of effects observed
in biological systems of effects not necessarily related to
nitric oxide released from nitrosoglutathione.
METABOUSM OF S-NITROSOGLUTATHIONE IN INTACT
MITOCHONDRIA
Anna A. Gybina and Nathaniel J Traaseth
University ofMinnesota, Dept of Chemistry, 10 University
Drive, Duluth, MN 55812

S-nitrosation of protein thiol groups by nitric oxide
(NO) is a widely recognized protein modification. Only
a few intracellular S-nitrosated proteins have been
identified, and it has been reported that S-nitrosation/
denitrosation can serve as a regulatory process in signal
transduction pathways. Given the potential physiological importance of S-nitrosothiols, and considering
that mitochondria are endowed with high levels of thiols
and the biochemical requisites for synthesizing NO· , we
examined the occurrence of S-nitrosoglutathione
(GS -o) in intact, coupled rat liver mitochondria. These
organelles contained 0.34 nmol GSNO/ mg protein,
detected by HPLC with UV-visible and electrochemical
detection. This concentration was dynamically
modulated by the availability of NO·, its decay was
mainly affected by glutathione (GSH), and superoxide
dismutase in a reaction that entailed the generation of
GSSG. Based on the relatively long half-life of GSNO
and the negligible recovery of NO· during its decay,
roles for GSNO as storage and transport molecule for
NO· were discussed. Moreover, the formation of GSNO
and its reaction with GSH may be considered partly
responsible for the catabolism of NO· via a complex
mechanism that may result in the formation of
hydroxylamine, nitrite, or nitrous oxide depending upon
the availability of oxygen, superoxide dismutase, and
GSH. Finally, the high concentrations of GSH in the
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Lisa Hansen and Michelle Johnson
Minnesota State University -Moorhead, Dept of Chemistry,
Moorhead, MN 56563

Boron neutron capture therapy, BNCT, refers to the
radiation generated from the capture of neutrons by
boron nuclides. This radiation energy can be used to
selectively destroy tissue and has been targeted towards
the treatment of malignant tumors. The objective is to
destroy tumor cells without damaging healthy cells. Our
goal is to synthesize a DNA base, with several boron
atoms incorporated. In the process of synthesizing the
starting material, tetrakis[dimethoxyboryllmethane, we
made dimethoxychloroborane and discovered that it is
more stable than the literature states. We will describe
the proposed reaction of the starting material with
formamide and subsequent reactions to form the desired
nucleoside.
SUBSTANCE P-MEDIATED INHIBITION OF TUMOR
ESTABLISHMENT: THE ROLE OF NATURAL KILLER CELLS

Summer E. Hanson and Atty D. Gray (Advisor: Jill M.
Manske, Ph.D.)
University of St. Thomas, 2115 Summit Ave, St. Paul, MN

There is increasing interest in the regulating effects
of neuropeptides such as substance P (SP) on the
immune system. Our group developed a murine model
in which in vivo administration of SP led to a reduction
in melanoma tumor development. In this study, we
examined the role natural killer (NK) cells in tumor
protection. To examine the role of NK cells, animals
were injected with anti-asialo-GM1 in order to deplete
NK cell populations. Control animals were injected with
an irrelevant antibody. Animals were injected
intraperitoneally with 40 J.l.L of antibody on days -2, 0, 4,
10, 16. Immunofluorescence analysis verified that the
population of NK cells remain depleted throughout the
study. On day 0, animals were implanted with miniosmotic pumps that delivered a continuous infusion of
SP or phosphate buffered saline over a 14-day period.
Five days following pump implantation, animals
received 62,500 K1735 melanoma cells by subcutaneous
injection. Tumor growth was monitored by visual
examination and palpable tumors were measured in two
dimensions. As observed in previous work with the
subcutaneous model, the SP-treated/ non-depleted
animals developed tumors at a slower rate than the
others. When SP-treated animals were depleted of NK
cells, there was no protection from tumor development.
In fact, these animals developed tumor faster than
control animals. These results suggest that SP
modulation of tumor growth is mediated at least in part
by NK cells.

journal of the Minnesota Academy of Science

Winchell Undergraduate Research
STRUCTURAL STUDffiS OF GLYCOSYLAMINES

Summer E. Hanson and William H. Ojala
Dept of Chemistry, University of St. Thomas, 2115 Summit
Ave, St. Paul, MN 55105

Interactions between amines and carbohydrates
occur in a variety of physiological phenomena, from the
browning of food to biomolecular recognition through
carbohydrate-protein interactions. To study these
interactions, we have determined the crystal structures
of monosaccharide derivatives prepared in our
laboratory by the reaction of monosaccharides with
aniline or substituted anilines. These derivatives could
exist as open-chain Schiff bases or as cyclic
glycosylamines. To determine whether or not the nature
of the ring substituent can determine which structure is
actually assumed in the solid state, we have prepared
and determined the crystal structures of the phenyl, pchlorophenyl, p-bromophenyl, p-tolyl, m-chlorophenyl,
o-chlorophenyl,
and
p-methoxyphenyl
o-tolyl,
mannosylamines. We have also examined the phenyl, pchlorophenyl, p-bromophenyl, p-iodophenyl, pnitrophenyl, and p-tolyl galactosylamines. We have
found that all of these monosaccharide derivatives
assume cyclic form in the crystal. Among the mannose
derivatives, the p-chlorophenyl, p-bromophenyl, p-tolyl,
and m-chlorophenyl compounds have been found to be
isostructural; that is, they assume the same molecular
packing arrangement. In the galactose series, the
phenyl, p-chlorophenyl, p-bromophenyl, p-iodopheny.l,
and p-nitrophenyl derivatives are isostructural. This
tendency of different monosaccharide derivatives to
assume the same packing arrangement implies
intermolecular hydrogen bonding so strong that it resists
changes in packing arrangement regardless of changes
in molecular structure. The fact that certain hydrogen
bonding motifs recur in different crystal structures
suggests that these motifs may be structurally significant
enough to occur in macromolecular systems as well.
CHARACTERIZATION AND DETECTION OF SOY AND
WHEY PROTEINS IN COMMON FOODS
Kelly L. Hanzel and Patricia C. Dunlop
College of St. Catherine, 2004 Randolph Ave, St. Paul, MN

There is an effort to expand our food supply with
soy protein alternatives to animal protein products: Such
products routinely appear in our grocery stores m the
special "soy section". At first glance, it might appear that
they contain no other protein source (i.e., whey or egg).
This is a very significant point because allergies to milk
and egg products are quite common. Therefore, we
decided to investigate the presence of soy, whey and
ovalbumin proteins in several randomly chosen food
products. The literature on soy foods suggested that soy
protein isolate (SPI), water-soluble ~rotein~ prim~rily
glycinin and conglycinin, was the pnmary mgredie~t.
The common animal proteins from whey, alactalbuffiln,
and a and ~ lactoglobulins, as well as ovalbumin from
eggs, are similarly water soluble. A published method
for SPI extraction was modified as necessary. It
involved: fat removal; protein extraction; and then pH
6.4 and 4.8 isoelectric precipitations. Isolated protein
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fractions were then lypholyzed for storage. SDS
characterization was conducted using the standard
protocol on 4 - 20% gradient gels. HPLC was conducted
on a Waters Millenium System using a YMC-Pack
Polymer C-18 column. Gradient elution was performed
using water:0.1o/oTFA in acetonitrile. This system
allowed us to separate 5 soy protein peaks, representing
7S and 11S proteins, from a lactalbumin, and a and ~
lactoglobulins. We determined a linear relationship
concentration for SPI, a lactalbumin, and a and ~
lactoglobulin and the area under the HPLC peaks and
could thus quantify the amounts of proteins present
from the food samples.
THE USE OF A GLIOBLASTOMA CELL LINE, SNB-19, AS
A MODEL FOR GLIAL CELL INvOLVEMENT IN PAIN
PROCESSING

Ian Harmon and Lin Aanonsen Ph.D.
Macalester College, 1600 Grand Ave, St. Paul, MN 55105

Recently, the importance of glial cells in signaling
within the central nervous system has been realized.
This has been demonstrated in nociceptive (pain)
processing in several different ways. Chronic pain stat.es
increase expression of the glial cell marker, ghal
fibrillary acidic protein, in the areas of the spinal cord
receiving nociceptive input. Additionally, it has been
shown that some glial cells express neurotrophins that
have recently been implicated in pain processing and
chronic pain states. Because it is relatively difficult to
differentiate neurons from glial cells in vivo, the study of
glioblastoma cell lines in culture may shed light on the
involvement of glial cells in pain signaling.
Immunohistochemical analysis was used to determine
the expression of neurotrophins, their receptors and
other known nociceptive neurotransmitters and
receptors. Preliminary studies indicate that the ~ov.:n
nociceptive neurotransmitters, substance P, calcitorun
gene-related peptide and the neurotrophin recepto.rs,
trkA and trkB are expressed in these cells. Future studies
will be directed at determining the effects of nociceptive
mediators on the expression of neurotransmitters and
receptors in these glial cells.
INVESTIGATION OF SOIL NITROGEN CHARACTERISTICS IN
RICE COUNTY, MINNESOTA ROADSIDE PRAIRIE
REMNANTS

Ryan D. Haugo
St. Olaf College, Northfield, MN 55057

The long term viability of tallgrass prairie remnants
may be connected with soil nitrogen (N) levels as
elevated N levels have been shown to adversely affect
species diversity in studies of North American and
European grasslands. A total of 56 roadside prairie
remnant sites were identified and surveyed in Rice
County, Minnesota. Soil samples from 28 sites were
analyzed for _' (nitrate, ammonia and total N), soil
organic carbon and particle size. Total N values ranged
from 850.0 - 7400.0 pg/g with a mean of 2705.2 ± 1.6
pg/g, nitrate values ranged from 0.0 to 22.2 pg/g with a
mean of 8.5 ± 0.01 pg/g and ammonia values from 0.0
to 122.0 to pg/g with a mean of 25.9 ± 0.03 pg/g. No
significant correlations (p < 0. 10), were found between
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site quality, N levels, particle size and soil organic
carbon levels. Lack of significant correlations suggests
that N levels are not currently a major influence on the
diversity of Rice Country roadside remnants. Based on
recent research highlighting the difference in
colonization strategies between native and introduced
prairie species, the presence of Bromus inermis, which
is known to respond strongly to Nitrogen inputs, at 93%
of all sites suggests that increased N levels could result
in rapid declines in species diversity.
MONOCLONAL ANTIBODY PRODUCTION TO
DICTYOCAULUS JIIVIPARUS

Paulette L. Hayes
Winona State University, Winona, Minnesota, 55987

Dictyocaulus viviparus is a parasitic lungworm that
infects the lungs of cattle causing symptoms including
bronchitis, pneumonia and anorexia. In calves, parasitic
bronchitis may result in suffocation and eventually death
if not detected and treated early. D. viviparus is the
leading cause of parasitic mortality among cattle.
Currently, standard tests used for detecting D. viviparus
give inaccurate results. Previously, it was determined
that the 19 and 29 kDa proteins of D. viviparus were
highly specific for that species. Therefore, a test that
only recognizes the presence of the 19 or 29 kDa
protein is highly desired. We attempted to make monoclonal antibodies that recognize either the 19 or 29 kDa
antigen. The formation of hybridomas was the result of
fusing together myeloma cells and splenocytes from the
spleen of an infected Balb/c mouse injected with D .
viviparus. Initial screening by the ELISA indicated one
hybridoma capable of recognizing D. viviparus whole
worm antigen. Currently, this hybridoma is being tested
using SDS-PAGE and western blot analysis to determine
if it recognizes either the 19 or 29 kDa proteins. An
antigen-capture ELISA will be developed using the
monoclonal antibodies that will be capable of detecting
lungworm infection in individual cows.
SPECIES VARIATION OF MYOGLOBIN: A STUDY OF
OSTRICH, COW, AND HORSE

Susan D. Holt and Patricia C. Dunlop
College of St. Catherine, 2004 Randolph Ave, St. Paul, MN

Proteins show amino acids differences across
species. The degree of variation correlates to species
divergence in the evolutionary lineage. Mammalian
myoglobin (i.e., cow and horse) has been thoroughly
studied and amino acid sequence differences from
marine (sperm whale) and avian (chicken) species
established. However, little is known about how much
ostrich differs in sequence. Since it has diverged from
the mammal class it ought to have a greater number of
variations, perhaps similar to chicken. One observation
concerning the differences between species involves the
number of arginine residues present, which appears to
serve as a marker amino acid. Therefore, we proposed
to observe the presence of arginine residues in ostrich.
The species differences were evaluated through gelchromatography, SDS gel electrophoresis and
immunoblotting, and by analyzing the peptides
generated from endopeptidase Arg-C digestion by high
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performance liquid chromatographic (HPLC) analysis.
Preliminary results show the existence of peptides
following the digestion reaction that have smaller
molecular weights than the parent protein. The peptides
of horse and ostrich appear to have different Rf values
supporting the original hypothesis. Thus, the current
data do not support the original hypothesis that ostrich
myoglobin displays amino acid variation detectable by
HPLC analysis.
DEVELOPING CELL MOTIUTY AsSAYS TO INvEsTIGATE
THE ROLE OF MYOSIN IN CELL MOVEMENT

Damian Holznagel, Kelsey Foldesi, Zulmarie Ortiz and
Ellen Brisch
Dept of Biology, Minnesota State University -Moorhead,
Moorhead, MN, 56563

Cell movement is an essential process required
throughout our lives. Cell movement is required for
embryonic development, wound healing and immune
cell function. Cell movement also facilitates the spread
of cancer cells. Thus, understanding how cells move is
a key area of cell biology. Dictyostelium discoideum has
emerged as an excellent model system for studying cell
movement. These slime mold cells exist as free-living
amoebae during times of plentiful nutrition. When food
supplies decline, thousands of these individual amoebae
move towards a central cell, join together and eventually
produce spores that are then able to withstand rigorous
periods of drought and starvation. Cell movement
requires the coordinated sliding of actin filaments by
myosin motor proteins. We are interested in identifying
how myosin motor proteins function in cell movement.
Our approach is to use directed gene deletion
techniques in order to remove myosin genes from wild
type Dictostelium cells. We plan to perform these gene
deletions by transforming the pDTb9R vector (kindly
provided by Margaret Titus, U of MN - Twin Cities) into
Dictostelium cells. We are currently preparing our
transforming vector. In order to evaluate the cells to be
transfected, we are developing a series of cell motility
assays. These include phytotaxis and chemotaxis assays.
By comparing our myosin mutant cells with wild type
cells we hope to gain an understanding of how myosin
plays a role in coordinating cell movement.
USING CELLULAR AUTOMATA PROGRAMMING TO MODEL
GRANULAR SEGREGATION

Timothy Howey
University ofMinnesota- Morris, 600 E 4th Street, Morris, MN

This presentation will discuss our use of cellular
automata programming to model radial and axial
segregation of binary mixtures of glass beads in a
horizontal drum mixer to complement experimental
studies of this same phenomenon. The program is
implemented in Mathematica and is, in essence, a set of
rules applied to a matrix to simulate the dynamics of a
real world situation. First, a random matrix is
established, with each value in the matrix representing
either a large or small bead inside a horizontal drum
mixer. An algorithm is applied to this matrix using the
local neighborhood of each bead to determine how ·
should move in each time step. By identifying what sort
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of rules lead to segregation, we hope to achieve a better
understanding of why the mixtures of granular materials
segregate in the real world. Cellular automata are the
types of simulation used in the "game of life" and have
also been useful in studying systems such as traffic flow.
In previous applications of cellular automata, a single
position in the matrix represents one object; however,
the different size of beads requires using multiple matrix
positions to represent a single large bead. One
implication of this is each large bead part must behave
in harmony with the other bead parts. Also, part of the
a large bead cannot leave its current bead and join
another. Solving these problems has been a major focus
of this research.
CAN SIMPLE FLA1WORMS SMELL WHETHER FISH ATE
FLA1WORMS FOR LUNCH?
Aaron L. Hutcheson, Jill C. Greenley, Tammy]. Lien

and Brian D. Wisenden
Biology Dept, MSU Moorhead, 1104 7th St S, Moorhead, MN

Aquatic animals use chemical cues to detect their
predators. When a potential predator approaches,
information about its predation threat benefit prey by
allowing them to either initiate evasive behavior, in the
case of a clear threat, or to ignore the approaching
individual, in the case of no threat. Flatworms
(Platyhelminthes, Turbellaria) are primitive animals with
a "brain" consisting of two cephalic ganglia. Previous
work at MSUM showed that they avoid chemical cues
from injured members of their own species and can use
those cues to acquire recognition of novel predators. In
this experiment we tested if flatworms can smell the diet
of a novel fish species. Convict cichlids were fed a diet
of flatworms or flakes, and tank water from each diet
type was then tested on naive flatworms to see if they
respond to the cues, and if they can then simultaneously
acquire recognition of the fish's odor. We found no
evidence that flatworms recognized novel predators
based on dietary cues. This indicates that recognition of
the alarm cue is destroyed by the digestive processes of
the fish. Response to dietary cues in other aquatic taxa
may represent selection for an alarm cue that is resistant
to predator digestion or selection for innate recognition
of metabolites of an alarm cue.
IMPACTS OF EUROPEAN EARTHWORMS ON MAPLEBASSWOOD FORESTS
Amanda Ista and Kathleen L. Shea
Dept of Biology, St. Olaf College, 1520 St. Olaf Ave, Northfield,
MN55057

The purpose of this study was to examine the
density and diversity of European earthworms and their
possible effects on the soil and vegetation of native
maple-basswood forests from three forest sites in Rice
County, Minnesota. Earthworms were sampled from 36
plots (0.11 m 2) using a liquid mustard extraction
method. Herbaceous and woody vegetation were
sampled adjacent to each earthworm plot. Soil samples
from each site were analyzed to determine soil type, soil
moisture, organic matter, pH levels, nitrite nitrogen,
phosphate, and potassium content and the litter layer
was measured and weighed. Results of sampling
Vol. 65, No. 1, 2001

showed that the plots with the highest numbers and
highest species diversity of earthworms tended to occur
in loam soil, while fewer earthworms were found in
sandy soil. Vegetation density per plot was lower in
areas with higher numbers of earthworms. Nitrogen
levels were higher in sites with more anecic earthworm
species (large species that tend to move a large amount
of organic matter), and higher earthworm population
densities occurred in sites with optimal pH levels. Dry
conditions may have been a factor contributing to
relatively low numbers of earthworms and a large
proportion of juveniles. These results provide a basis for
future study and suggest that earthworm density and
diversity have a significant impact on vegetation and the
soil composition in southeastern Minnesota.
DETERMINATION OF HAMMETT EQUATION CONSTANT p
FOR THE BASE HYDROLYSIS OF P-NITROPHENYL
BENZOATE ESTERS.
Kyle Jacobson (Dr. Sheue L. Keenan)
Chemistry Dept, Univ. of Wisconsin-River Falls, River Falls, W7

The electronic effects of different substituent groups
(G = CH3, Cl, OCH3 and N0 2) on the base hydrolysis
rate of several substituted p-nitrophenyl benzoate esters
were studied. The hydrolysis rate was monitored by the
rate of formation of p-nitrophenolate ion that exhibits
absorption at 407 nm. The rate constants (k) of these
substituted p-nitrophenyl benzoate esters were compared to the rate constant (k) of the unsubstituted
p-nitrophenyl benzoate and the p value of the Hammett
equation, log (k/k) = crp for this hydrolysis reaction was
determined. We have successfully synthesized
p-nitrophenyl benzoate, p-nitropheny p-toluate, p-nitrophenyl m-toluate, p-nitrophenyl p-chlorobenzoate,
p-nitrophenyl
m-chlorobenzoate,
p-nitrophenyl
p-anisate, p-nitrophenyl m-anisate, p-nitrophenyl
p-nitrobenzoate and p-nitrophenyl m-nitrobenzoate.
The yields of these products were between 50-80 o/o. The
base hydrolysis of p-nitrophenyl benzoate was found to
be first order with respect to both the ester
concentration and the NaOH concentration. A p value of
1.82 was obtained from these esters.
CIRCADIAN RHYTHM STUDffiS: GENOTYPING OF MPER2
KNOCKOUT MICE AND IN SITU HYBRIDIZATION FOR
DETERMINATION OF PER GENE EXPRESSION
Jessica D. Janisch (Advisor: Jennifer L. Cruise, Ph.D.)
Dept. of Biology University of St. Thomas, 2115 Summit Ave,
St. Paul, MN, 55105

Circadian clocks provide physiological and behavioral regulation. Photic inputs can entrain clocks to
specific cycles and recent studies have quantified the
effects of light impulses on entrainment in normal and
circadian knockout mice. We have created tools for
correlating gene expression with behavioral data. A
polymerase chain reaction (PCR) method for genotyping
mper2 knockout mice was developed. Antisense mperl
probe was transcribed from a template created by
ligation of a bacterial promoter to a PCR product
amplified from mperl eDNA. The specificity of labeled
riboprobes was verified by northern blot analysis.
mperl gene expression is now being monitored via in
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situ hybridization to the suprachiasmatic nuclei of
mouse brains at specific circadian times. Further studies
will explore the quantitative relationship between gene
expression and mouse behavioral responses to different
durations and intensities of light impulses.
WALLEYE (STIZOSTEDION VITREUM) PARENTAGE
ASSIGNMENT USING MICROSATEWTE DNA MARKERS
FOR DETECTION OF THE IMPACT OF MATERNALLYTRANSFERRED ORGANOCHLORINES

Lindsay jarombek
St. Olaf College, 1500 St. Olaf Ave, Northfield, MN 55057

Organochlorines (OCs) are persistent organic
pollutants of industrial origin which are threatening the
health of aquatic ecosystems in the Great Lakes region.
To determine the effects OCs have on the progeny of
contaminated female fish it is essential to track the
survival of their offspring. Adult walleye were taken
from a tributary of the Bay of Quinte, Lake Ontario,
which has a history of increased levels of OC input.
Using microsatellite markers, we assigned parentage of
walleye larvae from matings involving forty maternal
parents with varying OC contaminant histories. The
larvae were pooled at fertilization to insure similar
incubation environments and randomly sampled at
hatch. For the parents, we determined heterozygosity
(range 0.52- 0.84) and number of alleles (4- 11) for six
microsatellite loci. Using only two of the markers we
were able to assign offspring to as few as 2 to 20 out of
40 possible parent pairs. Our results show that our
microsatellite DNA markers should have sufficient
power to allow effective tracking of offspring of OC
contaminated adult walleye. From future data, more
conclusions will be drawn on how OCs effect the
relative survival of offspring from contaminated females.
DETERMINATION OF Kw VMAX AND THE HAMMETT
EQUATION CONSTANT p FOR THE EN:lYMATIC
H YDROLYSIS OF P-NITROPHENYL BENZOATES
Abby johnson (Dr. Michael V. Keenan)
Chemistry Dept, Univ. of Wisconsin-River Falls, River Falls, W7

Porcine pancreatic lipase is an esterase that catalyzes
the hydrolysis of emulsified triglycerides. This lipase has
been found to catalyze the hydrolysis of p-nitrophenyl
benzoates at pH 8.0 in aqueous acetone at 25'C.
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The effects of substituents (G = H, CH 3, N0 2 ) on the
rate of reaction were determined by monitoring the
release of the p-nitrophenolate ion at 407 nm. The
observed rate constants for the lipase catalyzed
reactions were used to calculate the Hammett equation
reaction constant, p. It was found that the lipase
catalyzed hydrolysis of this family of artificial substrates
follows Michaelis-Menten kinetics. The Hammett p
constant was found to be 1.6.

18

MEASURING THE ELECTRON SCATTERING CROSS
SECTION OF GASEOUS TARGETS

Dan Kaffine and Dr. Marty Johnston
University of St. Thomas, 2115 Summit Ave, St. Paul MN,

The goal of our research is to use atomic theory anc
apply it to practical, industrial uses. Towards this end.
we are measuring total electron-atom scattering crosssections that are relevant to plasma etching processes
used in microchip manufacturing. By using an electror:
gun apparatus, total scattering cross-sections of various
species of gas can be found. Using those numbers as a
baseline, theoretical physicists can subtract theoretical
cross-sections, so that cross-sections that are impossible
to measure or calculate can be determined. Before
testing of unknown gases can be done, the system must
be calibrated. By comparing results of neon cross-sections with previously published results, the calibr.ation
of the system can be ascertained. Now that the
calibration of our system with neon gas is completed,
the total cross sections of other gases important to the
microchip industry can be found. We will be presenting
on the total electron-atom scattering cross sections of
neon gas and discussing our future plans.
PHOTIC SENSITIVITY OF THE CIRCADIAN ENTRAINMENT
PATHWAY IN CLOCK!+ MICE.

Christopher Kasal, Ethan D. Buhr, and Dwight Nelson
Dept of Biology, University of St. Thomas, St. Paul, MN 55105

Circadian rhythms are endogenous cycles of
behavior and physiology in mammals and other
organisms. Molecular studies have examined the photic
induction of circadian-related genes in the suprachiasmatic nucleus, which is the circadian pacemaker,
and shown that mice homozygotic for the clock gene
mutation show a reduced responsiveness to light. Our
studies have examined the photic sensitivity of the
circadian system in mice that possess the clock/+ gene
mutation by measuring the functional output of the
circadian pacemaker (circadian locomotor activity).
Specifically we measured the sensitivity of the circadian
system to the intensity and duration of white light
stimuli in clock/+ mice (C57Bl/6) and compared this
sensitivity to that measured for wild-type mice. We
measured the dose-response relationship for lh pulses
at circadian time 16. ALLFIT was used to test for
significant differences between curves. Results suggest
that heterozygous clock mutant mice show a much
larger maximum responsiveness to light than wild-type
mice (218 vs. 114 min for wildtype). However, the
sensitivity to light (as measured by the one-half
saturation constant for the dose-response curve) was not
significantly changed. In a second experiment, we
measured the ability of the circadian system to integrate
light information over time using equal-energy pulses.
Preliminary data suggest that clock/+ mice are more
responsive to brief pulses (15min - lh) and much less
responsive to longer durations (> 2h). While these
results appear very different from measurements for
wild-type mice, additional experiments are required to
confirm this potentially interesting result. (Supported by
NIMH-MH60122).
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THE EFFECT OF PHOTOPERIOD ON GROWTH AND
DEVELOPMENT OF GERBIL (MERIONES UNGUICULATUS)
YOUNG

Tara L. Kelly (Dr. Sue Chaplin)
Dept of Biology, University of Saint Thomas, 2115 Summit
Ave, St. Paul, MN 55105

In the wild, animals typically respond to short winter
day length by going into a maintenance mode, in which
most energy is channeled into the production and
retention of heat instead of reproduction and growth.
Mongolian gerbils (Meriones unguiculatus) breed
almost year-round in both the laboratory and their
natural environment, but there is no information in the
published literature about the effect of changing
photoperiod on growth and development of gerbil
pups. To determine the effect of photoperiod on
growth, breeders were housed in 8 hours (8L; short day)
or 12 hours (12L) of light. The mass and metabolic rate
(at 30° C) of the pups were measured at various ages
until weaning (25 days). Pups gestated and raised in 8L
grew more slowly and were smaller than those reared in
12L. Pups reared in 8L had higher metabolic rates than
those in 12L until day 15, possibly indicating that short
photoperiod induced elevated heat production. Thus,
even though gerbils continue to breed in short
photoperiods, their offspring are physiologically
different than pups reared on longer photoperiods.

benzylideneaniline, instead of the benzylideneaniline,
we obtained the heterocyclic compound III. Future
work will include efforts to obtain iodine-substituted
analogs of I and II and will explore the cyclization
reaction that led to III.

--o-~p~
H

N

F

ff'
III

N 8

INCREASING THE RESOLUTION OF TOTAL SCATTERING
CROSS-SECTION MEASUREMENTS BY IMPLEMENTATION
OF TIME-OF-FLIGHT TECHNIQUES

jessica Klaers and Dr. Marty johnston
University of St. Thomas, 2115 Summit Ave, St. Paul MN,

Tera L. Ketel and William H. Ojala

The current work in our laboratory focuses on
measuring total scattering electron cross-sections for
plasma physics applications. In this poster I will present
how we will improve the resolution of our system by
implementation of time-of-flight (TOF) techniques. With
the introduction of TOF methods, the error should drop
to 3% with an energy resolution of 5 x w-3 eV, as
opposed to the current resolution of 0.5 eV. The bulk of
this research was done in order to customize the TOF
experimental design to fit our current set-up. Previous
TOF methods were researched and ideas from a variety
of sources are employed. Such ideas will be presented
and include the design of the deflection plates, the
beam-sweeping technique, the role of the system
electronics, as well as the calibration of the energy scale.

Dept of Chemistry, University of St. Thomas, 2115 Summit
Ave, St. Paul, Minnesota

SWIRLING WINDS: CREATING A TORNADO VORTEX
CHAMBER

Several examples occur in the solid-state literature of
molecules that have both a nitrile group and an iodine
atom and that pack in the crystal such that there is close
intermolecular approach between the nitrile nitrogen
atom and the iodine atom. This represents a solid-state
Lewis acid-base interaction, iodine serving as the acid
and the nitrogen of the nitrile group serving as the base.
Previously, we prepared molecules known to crystallize
in disordered packing arrangement (e.g., benzylideneanilines) and have substituted them with an iodine
atom and a nitrile group at the para positions to see if
any resulting Lewis acid-base interactions can induce
crystallization of the compound into an ordered packing
arrangement compelled by these interactions. This
approach has been successful in the benzylidenea?iline
series if the halogen present is iodine but not If the
halogen is one of the weaker Lewis acids, bromine or
chlorine. Here we describe the molecular and crystal
structures of additional molecules (see figures I - III)
made as part of a project to test strategies for preparing
molecules containing both a halogen atom and a nitrile
group in various positions on aromatic rings. In neither
crystal structures I and II, determined by X-ray
crystallography, was close contact between a nitrile
group and a chlorine atom observed. Both I and II were
found to crystallize with two molecules in the
asymmetric unit. In trying to prepare a fluorinated

Todd Klein, Keith Ludwig, and Dr. Paul Ohmann

A SOLID-STATE SEARCH FOR LEWIS ACID-BASE
INTERACTIONS: CRYSTAL AND MOLECULAR STRUCTURES
OF THREE HALOGENATED COMPOUNDS

Vol. 65, No. 1, 2001

University of St. Thomas, 2115 Summit Ave, St. Paul, MN

The tornado is one of the most destructive forms of
Mother Nature's wrath. In the U.S. alone, multitudes of
tornadoes annually devastate hundreds, if not
thousands, of square miles of land. Yet, despite the fact
that tornadoes are fairly common, the mechanisms and
mechanics of these awesome storms are not well
understood. In an effort to shed light upon the
mysterious inner workings of tornadoes, we ~re
constructing a laboratory tornado vortex chamber With
a design adapted from the work of Church and Snow.
This device will be used to model the formation of
tornadoes so as to study the atmospheric conditions
associated with their development (such as shearing
winds, updraft velocities, surface friction, etc.). The
resulting data will be used to construct computational
simulations of tornadoes in the hopes that, with a more
complete understanding of the mechanics behind vortex
formation, better detection and early warning devices
can be developed.
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SIZE EFFECTS ON SEGREGATION OF MIXTURES OF
GRANULAR MATERIALS IN HORIZONTAL DRUM MIXERS

jason Koester
Unov. ofMinnesota, MorriS, Box 159, 600 E 4th St, Moms, MN

Mixtures of granular materials often segregate by
particle size when rotated in horizontal drum mixers.
When mixtures consisting of particles of two different
sizes are rotated, the larger particles had a tendency to
move to the surface of the mixture leaving the small
particles trapped under the surface. In certain mixtures
the small particles will eventually coalesce under the
surface and erupt through the layer of the large particles
at random spots along the axis of the drum, but never
at the very ends. One interesting aspect of this
phenomenon is that exposed bands of small particles
are pure small particles all the way through. On the
other hand, wherever there are large particles on the
surface there are always small particles underneath.
The axial segregation described above does not
occur in all mixtures and sometimes it occurs only at
certain rotation rates, with mixtures appearing to remix
when rotated at lower speeds. My research project is to
explore the effect changes to the system size has on
segregation behavior. I am examining segregation of
specific mixtures in a variety of mixer lengths and radii.
I am also studying whether or not segregation is scale
independent. For example, if the particles and the drum
mixer are all scaled up or down by the same amount,
will the same segregation behavior always occur? Also,
are there certain mixtures that will segregate in some
drum mixers but not others, where the mixers differ
only in size?
INTERACTIONS OF V-SRC AND V-ABL WITH PROTEINS
FROM CCL39 CmNESE LUNG FIBROBLAST CELLS.

N. Korpi, M. Funfar, and]. Provost
Dept of Chemistry, Minnesota State University Moorhead,
Moorhead, MN 56563.

Oncogenic transformation is a significant event often
resulting from an increase in soluble tyrosine kinase
activity. V-Src and v-Abl are two such oncogene proteins
known to phosphorylate a number of proteins. Because
the bioactive lipid lysophosphatidic acid (LPA) is known
to be found in high concentrations in certain tumors, we
investigated if v-Src or v-Abl would interact with
membrane or cytosolic proteins after LPA activation.
Glutathione S-transferase (GST) fusion protein of both vSrc and v-Abl mutants were expressed and purified by
affinity chromatography. v-Src-SH3 domain, v-Src
containing both SH2 and SH3 domains as well as the
catalytic domain of v-Abl was used to determine
interactions with cellular proteins utilizing a blot overlay
procedure with a GST fusion protein as probe. These
interactions suggest an importance in tyrosine kinase in
LPA signal transduction and a potential role for one or
both the soluble kinases.
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KINETIC PROPERTIES OF AGONIST STIMULATED NA+-H+
EXCHANGER (NHEl} IN CCL39 CELLS
Nichole L. Korpi, Hillary L. Thronson, Genny M.
Clauson, Alison L. Metcalf, Sarah M. Olmshenk, joseph
]. Provost, Mark A. Wallert.
Depts of Biology & Chemistry, Minnesota State University Moorhead, Moorhead, MN

The Na+-H+ exchanger (NHEl) is a key regulatory
protein of intracellular pH (pH) in virtually all
mammalian cells. Both phenylephrine (PE) and
lysophosphatidic acid (LPA) have been shown to
activate the NHEl in Chinese hamster lung (CCL39) cells
in a dose dependent manner. Measuring changes in pHi
upon the addition of an agonist, we assessed the
activation level of NHEl. The stimulation of NHEl by PE
was significantly different than stimulation by LPA.
Addition of 100 f..1M PE led to an increase in pHi of 0.13
± 0.03 units while addition of 100 f..IM LPA causes an
alkalinization of 0.46 ± 0.05 pH units. The aim of this
study was to determine if the kinetic properties of ~'BEl
were altered similarly when stimulated by these two
agonists. The intracellular buffer capacity was measured
to better evaluate NHEl transport activity. The weak
base trimethyl ammonium chloride (TMA) was used to
assess the buffer capacity over the pH range of 6.5 to
7.0. The buffer capacity at pHi 6.5 was 30.1 mmol
H+/liter cell water, whereas at pHi 7.0, the buffer
capacity was 60.4 mmol H+/liter cell water. This
demonstrates a substantial variation in the buffer
capacity over pH range of 6.5 to 7.0. Intracellular pHdependence was also tested in order to determine H+
efflux. Cells were acidified to varying initial pHi values
and the rate of recovery was measured. The presence of
either agonist, PE or LPA, caused a shift in the pHi
dependence of NHEl transport in the alkaline direction.
This shift indicates a change in the H+ sensing region of
the transporter. The data was inconclusive as to whether
LPA also caused a change in the Vmax of the exchanger.
ROLE OF PROTEIN KINASE C IN THE ACTIVATION OF
EXTRACELLULAR SIGNAL-REGULATED KINASE AND THE
SODIUM HYDROGEN ION EXCHANGER IN CCL39
FmROBLASTS.

Rebecca Kuehn, Breann Stoltz, Mark Wallert and
joseph Provost
Depts of Chemistry & Biology, Minnesota State University,
Moorhead, MN 56563

The sodium hydrogen ion exchanger (NHE) plays an
important role in maintaining osmolarity as well as pH
in most mammalian cells. The mitogen activated protein
kinase (MAPK) is a family of protein kinases that play a
significant role in cellular proliferation. There are three
main MAPK isoforms; jun N-terminal kinase 0NK) stress
activated kinase (p38) and extracellular signal-regulated
kinase (ERK). ERK is classically activated by growth
factors, however G-protein coupled receptors (GPCRs)
have also been identified as responsible for its
regulation, often by the same agonists that activate NHE.
The overall goal of this study was to determine if a 1adrenergic receptors can induce ERK and NHE
activation in Chinese hamster lung (CCL39) fibroblasts
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through a protein kinase C (PKC)-dependent pathway.
To determine if phenylephrine (PE) signaling is PKC
dependent, the cells were treated with high concentrations of the non-specific PKC inhibitor, staurosporine,
as well as the PKC specific inhibitors Ro-31-8220 and
bisindolylmaleimide I. Incubation of cells with 0.1 mM
staurosporine, 0.1 mM Ro-31-8220, or 0.1 mM bisindolylmaleimide, each resulted in a significant decrease
in the phosphorylation state of ERK after PE addition.
Either phorbol myristate-acetate (PMA) depletion of PKC
or preincubation with the PKC inhibitors blocked NHE
activation by PE. Collectively, this study indicates a 1adrenergic receptor activation activates ERK and NHE,
through a PKC dependent pathway.

NMR STUDIES OF STANNIN: A 9-KI>A MEMBRANE
PROTEIN THAT MEDIATES CELL APOPTOSIS
]ana Lewis, Alessandro Mascioni, and Gianluigi Veglia
Dept of Chemistry, University of Minnesota, 139 Smith Hall,
207 Pleasant St SE, Minneapolis, MN 55455

Stannin is an 88 amino acid membrane protein that
mediates neuronal apoptotic response to organotins in
humans. Stannin was overexpressed in Escherichia coli
bacteria as fusion with a maltose-binding protein. The
fusion protein was isolated by affinity chromatography
and cleaved with thrombin. The final purification was
accomplished by size exclusion chromatography and
reverse phase high performance liquid chromatography.
The efficiency of this protocol made it possible to obtain
milligram quantities of 15N labeled protein for nuclear
magnetic resonance (NMR) spectroscopic studies.
Preliminary solution and solid-state NMR data on
uniformly 15N labeled stannin reconstituted in micelles
and lipid bilayers will be presented.
EXPRESSION AND PURIFICATION OF AN INDUSTRIALLY
IMPORTANT P ROTEIN DNA ORAL VACCINE FROM
BACTERIA

Larry Louisiana+, Rebecca Mastel+, Kris Mortenson+,
Breanne Stoltz+, Michael Chambers*, Joseph Provost+,
and Mark Wallert+
+Depts of Biology and Chemistry Minnesota State University,
Moorhead, MN 56563 •Aldevron LLC, Fargo, ND 58203

A non-toxic enterotoxin superantigen has been
licensed for use in generating a DNA oral vaccine to
treat HIV infection. One obstacle for use of this protein
is the large-scale purification of the bacterial protein.
The initial enterotoxin construct was not inducible and
initially purified from Staphylococcus aureus by flatbed
isoelectric focusing. While very pure protein could be
prepared by this method, it did not lend itself to largescale processing. The levels of protein expression in S.
aureus was determined using various enriched media.
The standard method of lysing S. aureus expressing
bacteria was compared to the method used for isolectric
focusing. A large-scale purification consisting of ion
exchange chromatography followed by size exclusion
chromatography yielded a highly enriched enterotoxin.
The enterotoxin was alternatively sub-cloned into an
expression vector under control of the inducible ~
glactosidase promoter with a histidine fusion affinity tag
at the N-terminus. The conditions required for
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fermentation to produce a high yield, high soluble
expression of the fusion entertoxin was determined. E.
coli, transformed with the fusion enterotoxin, was
cultured at several temperatures, induction times and
inducer concentration.
A CHEMICAL ANALYSIS OF COLD-WEATHER
PRECIPITATION IN ST. CLOUD, MN
Jeffrey A. Luxford
Earth Sciences Dept, St. Cloud State University, 720 Fourth
AveS, St. Cloud, MN, 56301

The advent of modern society and its associated
technology have resulted in large amounts of
anthropogenic pollution being continuously deposited
into the environment. One consequence of .this has
been the contamination of precipitation with various
chemical compounds. This happens when pollutants act
as condensation nuclei or are scavenged from the air by
falling precipitation. Because of this, precipitation is
continuously monitored by organizations such as the
United States Geological Survey (USGS). They document specific precipitation components such as pH,
sulfate ion concentration, and nitrate ion concentration.
Sulfate and nitrate ion concentrations are associated
with depressed pH values in precipitation when they
undergo reactions to form sulfuric and nitric acids. In
this study, precipitation samples were collected on the
campus of St. Cloud State University and their pH was
recorded. After filtering, another pH measurement was
taken and the concentration of sulfate and nitrate ions
in each sample was determined. I have found that there
are variabilities in the chemical make-up of precipitation
in St. Cloud, MN. Other studies have shown that
precipitation composition is affected by prevailing wind
direction (surface and aloft) before and during
precipitation, precipitation type, and time of week
(weekday as opposed to weekend). Measurements
taken in this study support the theory that prevailing
wind direction directly affects precipitation chemistry in
St. Cloud, MN

MALE

PELVIC FIN ASYMMETRY AND FEMALE MATE
CHOICE IN THE D WARF GOURAMI, COLISA LALlA

Emory Matts
Hamline Univ., Biology Dept, 1536 Hewitt Ave, St. Paul, MN

Sexual selection has been widely studied in animals
and it consists of two main components, competition
and mate choice. Females may choose males with traits
that are better adapted to the environment, signifying
good genes. Slight asymmetry can occur because of
stress during development, such as illness or starvation.
Females choosing symmetric males could be getting
mates with genes better matched to the environment.
Asymmetry and mate choice in fish has not been widely
studied. The dwarf gourami, Colisa lalia, was observed
in two different experiments in which individual females
were allowed to choose between a naturally
symmetrical male and a male with one experimentally
shortened pelvic fin. Female choice was evaluated in
two experiments. One experiment allowed all the fish to
freely interact while the other experiment kept the
males in containers so they could not interact. When the
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fish freely interacted, females spent more time with
asymmetric males more than symmetric males, possibly
because females avoided the more active, symmetric
males. When the males were contained, females spent
more time with and displayed more to symmetric than
to asymmetric males. As consistent with the literature,
when females were free to choose without interference,
they chose symmetric over asymmetric males. This
experiment provides support for the "good genes"
hypothesis because gourami pelvic fins are subject to
infection and therefore symmetric pelvic fins may
indicate better immune system genes or better overall
health.
ACTIVATION OF THE EXTRACELLULAR SIGNALREGULATED KINASE BY LYSOPHOSPHATIDIC ACID
INvOLVES TRANSACTIVATION OF THE EPIDERMAL
GROWTH FACTOR RECEPTOR.
A.C. McCoy, ]. Voog, M. Baumgartner, M.A. Wallert,

and J.J. Provost
Depts of Chemistry and Biology, Minnesota State University,
Moorhead, MN

While the ability of lysophosphatidic acid (LPA) to
activate extracellular signal-regulated kinase (ERK) has
been established in several cell lines however the
mechanism for the activation of ERK varies depending
on cell line. G-protein coupled receptor agonists such as
LPA can bring about epidermal growth factor receptor
(EGFR) transactivation by a calcium or Src family kinase
dependent mechanism possibly involving PYK-2, and
p60src. In other cell systems the beta gamma subunits
are involved in activation of the EGFR. The mechanism
for the activation of ERK is important in delineating the
mechanism by which LP A can induce the activation of
the sodium hydrogen ion exchanger. Here, we investigate mechanisms underlying LPA-stimulated EGFR transactivation and ERK activation. LPA (1 0 pM) increased
the tyrosine phosphorylation of a high molecular weight
protein in CCL39 cells. LPA incubation also led to
increases in the tyrosine phosphorylation of the EGFR.
Inhibition of the EGFR kinase activity by tyrphostin
AG 1478 or by several tyrosine kinase inhibitors, including genestein and PP2, limited the ability of LPA to
activate ERK. This data suggest that, in addition to other
signaling pathways, LPA can lead to EGFR transactivation and the activation of ERK in CCL39 cells most
likely through a mechanism that does not involve Src.
SUPERIOR GREEN FLUORESCENT PROTEIN (GFP)
TRANSFECTION EFFICffiNCY AND EXPRESSION IN
CmNESE HAMSTER LUNG CELLS USING THE GWIZ HIGH
EXPRESSION VECTOR.

Alison Metcalf, Bradley Moran, Michael Chambers•,
joseph Provost, and Mark Wallert.
Depts of Biology and Chemistry, Minnesota State University Moorhead, Moorhead, MN 56563 and • Aldevron LLC, 3233
15th St South, Fargo, ND 58104.

The ability to alter the genetic makeup of
mammalian cells has become one of the centerpieces of
biomedical research and the biotechnology industry. A
variety of methods are employed to insert DNA, RNA
and proteins into cells. One common mechanism is to
22

use a mixture of cationic and neutral lipids to transfer
DNA across the plasma membrane. These cationic lipid
mediated transfection methods currently yield the
highest transfection efficiency obtainable in eukaryotic
cells. This project investigated whether the gWiz high
expression vector provided superior transfection
efficiency and protein expression in Chinese hamster
lung cells. Transfection efficiency and protein
expression were evaluated using green fluorescent
protein (GFP) as the reporter system. Fugene-6 was
used as the lipid transfection reagent. Initially, gWiz GFP
transfection was optimized using Fugene-6 by testing
various quantities of DNA, ratio of transfection reagent
to DNA, the presence or absence of serum and
antibiotics during transfection, and the culture time
following transfection to allow the GFP to be expressed.
Optimal transfection occurred using 7.5 pg of DNA with
a 3:2 ratio of Fugene-6 to gWiz GFP in the absence of
serum and antibiotics. Under these conditions, 60 to
70% of cells in the culture expressed GFP within 48
hours. Next, we compared the transfection efficiency
and protein expression of gWiz GFP to another
commercially available transfection reagent. gWiz GFP
had a transfection efficiency of nearly 70% while the
competitors DNA vector only obtained 10 to 20%
transfection efficiency. The higher gWiz transfection
efficiency was also accompanied by dramatically
superior protein expression.
DARTERS SENSE DANGER BY SMElliNG EACH OTHERS'
URINE
Ashley P. Middleton 1, Krista L. Young\ Asoka

Marasinghe 2, Brian D. Wisenden 1
Biology and ChemistrY Depts, MSU Moorhead, 1104 7th St S,
Moorhead, MN, 56563

Ally mechanism that improves prey's ability to detect
a predator will be sharply promoted by natural
selection. The probability of prey avoiding a predator's
attack should increase if the predator's presence is
detected at an early stage in the predation sequence. We
studied disturbance cues in a series of experiments with
darters (Etbeostoma spp.). In the first experiment, we
established that chemical cues released by disturbed
darters invoke antipredator behavior in downstream
darters. In the second experiment, we showed that a
weak solution of ammonium chloride (to simulate a
urine pulse) invokes similar antipredator behavior. In a
third experiment, we showed that disturbed darters
release a pulse of urinary ammonia. This study suggests
that darters release ammonia when disturbed and that
other darters use this information as a form of early
detection of predation risk.
GERMINATION AND CULTIVATION OF DANTHONIA
SPICATA AND POTENTILLA TRIDENTATA FOR
RESTORATION WORK

Brian]. Miller and joel P. Olfelt
St. Olaf College, Dept of Biology, 1500 St. Olaf Avenue,
Northfield, MN 55057

Intense use of natural areas has led to a need for
increased landscape restoration efforts. Using local
germplasm of native species can avoid introducing
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exotic species and is likely to maintain gene pool
integrity. However, germination and cultivation
requirements for native species are often poorly
understood. We tested germination and cultivation
methods for Dantbonia spicata and Potentilla tridentata
for restoration work in Tettegouche State Park,
Minnesota. We collected seeds in 1999 and 2000, and
treated three replicates of 50 seeds each with 0, 100,
200, 400, 800, and 1600 ppm GA3, or zero, two and four
weeks of stratification at 4° C. The 200 ppm GA3 and
four weeks of 4° C stratification yielded the highest
germination rates for the 1999 and 2000 D. spicata seed
lots (germination > 96 o/o, p < 0.0026). P. tridentata
seeds germinated best with four weeks stratification in
both the 1999 and 2000 lots (germination > 67 o/o, p <
0.015). We cultivated 60 D. spicata and 60 P. tridentata
plants in a randomly arranged array of each of three
growth media; play sand, soil mix, and a commercial
mix, for a total of 180 plants of each species. Plants
grown in the commercial mix were significantly taller
with significantly more leaves than those grown in the
other media (p < 0.0012). We conclude that D. spicata
and P. tridentata from Tettegouche State Park can be
successfully germinated and cultivated for restoration
efforts using the techniques we have developed.
DEVELOPMENT OF Ml:CROSATElliTE DNA MARKERS FOR
AQUILEGIA CANADENSIS
Rebecca L. Mooney
University of St. Thomas, 2115 Summit Ave, St. Paul, MN

Microsatellites are short (2-6 base pairs) tandemly
repeating sequences of DNA thought to be present in all
eukaryotic genomes. Microsatellites have been shown to
be useful genetic markers due to their Mendelian
inheritance, abundance within genomes, and high
length polymorphism. A genomic library made from
Aquilegia canadensis (columbine) was screened for five
separate microsatellite motifs using two cocktails of
biotin-labeled oligonucleotide probes (GATA6, GACA5,
GTT6 , and CAA6, T~ and chemiluminescent
detection. Three microsatellites were found (TA32 , T~,
GA7), and corresponding PCR primers for each locus
were synthesized for direct use on A. canadensis DNA.
Variation at each locus is currently being investigated in
a sample population to determine utility of each as a
genetic marker. At this time, multiple allelic forms have
been found for the T~ and GAn microsatellites.
CEll CYCLE COORDINATED MITOCHONDRIAL DYNAMICS

Kristopher Mortenson and Ellen Brisch
Dept of Biology, Minnesota State University -Moorhead,
Moorhead, MN, 56563

Mitochondria function to provide cells with energy
for all metabolic processes. Throughout the cell cycle,
mitochondria are highly dynamic. They continuously
move about and change shape depending on the stage
of the cell cycle in which they occur. This process is
termed mitochondrial dynamics. In Saccharomyces
cerevisiae, the inheritance of mitochondria from mother
cell to daughter bud during cell division is an essential
feature of yeast cell growth. The analysis of mutants
defective in mitochondrial morphology and inheritance
Vol. 65, No. 1, 2001

has led to the identification of some of the proteins that
control
mitochondrial
dynamics.
Classically,
temperature-sensitive yeast mutants were used to
identify cell cycle regulatory proteins. The analysis of
mutants defective in events such as bud formation, DNA
synthesis, spindle pole body duplication, and
cytokinesis lead to the identification of proteins that
control each of these integral steps in cell division. It is
our hypothesis that molecules that control cell division
and cell cycle regulation play a key role in
mitochondrial dynamics. We are currently testing our
hypothesis by examining the following cell cycle
mutants for defects in mitochondrial dynamics: cdc4,
cdc5, cdc14, cdc15, cdc16, cdc20, cdc23, cdc28. The
specific mechanisms of how mitochondrial dynamics are
regulated during the cell cycle are beyond the scope of
this project. However, by identifying cell cycle mutants
with mitochondrial defects we can build a model for
how mitochondrial dynamics are coordinated during the
cell cycle.
COUFORMS AND CHLORINE SENSITMTY IN WATER

Christina T. Moses
St. Olaf College, 1500 St. Olaf Ave, Northfield, MN 55057

A preliminary study of the sensitivity of
microorganisms to disinfectants in drinking water was
conducted. The samples of drinking water were
obtained from gas station bathrooms of various sites.
For each site the number of colony forming units per mL
(CFU), the most probable number (MPN) of coliforms
per 100 mL of water, and the presence of E. coli was
determined. Examination of bacterial resistance to the
disinfectants Clorox®, Pine Sol®, and Comet®, in
addition to the active ingredient triclosan that is found
in many commercial products, was then performed. The
drinking water appeared to be generally bacteria-free.
The bacterial resistance of the cultured water samples
demonstrated a range of resistance to chlorine in
addition to the other chemicals tested. A pattern
between sample site and amount of bacterial resistance
to disinfectants generally was not observed.
ULTRA HIGH VACUUM MOLECULAR
CHAMBER

BEAM

EPITAXY

Bradley Mot!
Augsburg College, Minneapolis, MN 55454

Augsburg College's first ultra high vacuum molecular
beam epitaxy chamber, completed in July of 2000, was
only the beginning. We next tested the chamber to
pump down to a desirable pressure and then turned on
the two thermal evaporators for the first time. This
presentation will show the methods of expanding the
chamber's capabilities and also the deposition of our
first thin magnetic films.
COMPARISON OF Two PHOSPHITE COINITIATORS IN THE
VISmLE LIGHT PHOTOPOLYMERIZATION OF
CYCLOHEXENE OXIDE

Edward W. Oliver (Advisor: T. Nalli)
Winona State University, P.O. Box 5838, Winona, MN

Bis(2,2,2-trifluoroethyl) methyl phosphite (BMP
MeOP(OCH 2CF3) 2) was considered as a candidate to
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coinitiate a diaryliodonium (Ar2I+) induced visible
photoinitiation of the cationic polymerization of
cyclohexene oxide. Following procedures used in
previous work, cyclohexene oxide solutions of an
iodonium salt (bis(4-tert-butylphenyliodonium) hexa. fluorophosphate, a phosphite (P(OR) 3), and phenylazoisobutyronitrile (Ph-N=N-CMe 2CN = PAIBN) were
irradiated with visible light (eq. 1). PAIBN served as a
photochemical source of phenyl radicals, which in tum
initiate a reaction between the phosphite (P(OR) ),
BMP, and the iodonium salt. This reaction results in tf~e
formation of an aryltrialkoxyphosphonium salt
(Ar2P+(OR) 3), which can potentially alkylate the
monomer. Surprisingly, preliminary results indicate that
the reactivity of BMP is much less than tris(2,2,2trifluoroethyl) phosphite (TFP). BMP was synthesized
through the reaction of methyl dichlorophosphite with
2,2,2-trifluoroethanol and triethylamine under a nitrogen
environment. Purification of BMP proved to be difficult;
despite having a low boiling point, BMP decomposed
during distillation. Distillation was effectively performed
under vacuum.
(1)

6

BMPor1FP
.'lrl•PF60
PAIB:-.1
l(vis)

PROTEIN KINASE Ca. AND PHOSPHOliPASE C~ ARE
EsSENTIAL INTERMEDIATES IN THE PHENYLEPHRINE
STIMULATION OF ERK AND NHEl IN CHINESE
HAMSTER LUNG CELLS

Sarah Olmschenk, Rachael Smith, Cheryl Sick, Kris
Altman, Heidi Boyum, Rebecca Kuehn, Breann Stoltz,
Joseph]. Provost, and Mark A. Wallert
Depts of Biology & Chemistry, Minnesota State University Moorhead, Moorhead, MN

Activation of the Na+ -H+ exchanger (NHE1) in
Chinese Hamster lung cells (CCL39) has been linked to
a variety of hormones, growth factors, and oncogenes.
Lysophosphatidic acid (LPA), acting through a G protein
linked receptor, and phenylephrine (PE), acting through
the a.1-adrenergic receptor, have both been shown to
activate NHEl. Here we investigate the role of
phospholipase C~ (PLC~) and protein kinase Ca.(PKCa.
in the PE initiated activation of extracellular receptor
kinase (ERK) and NHEl. CCL39 cells served as wild type
cells, while 2A-4b and D1-9b cells served as the PLC~
deficient cell lines. PKCa.-deficient cells were prepared
by incubating CCL39 cells overnight in 500 nM phorbol
myristate-acetate (PMA). In CCL39 cells, addition of 100
J.1M PE caused an increase in steady-state intracellular
pH (pHi) of 0.14 pH units while 100 nM PMA increased
pH 0.17. In the PKCa.-depleted cells, PE stimulation
caused an alkalinization of 0.04 pH units while PMA
induced no pHi change. 100 f..LM PE addition caused a
pHi increase of only 0.04 and 0.05 pH units in 2A-4b and
Dl-9b cells, respectively. PMA, however, induced a 0.12
and 0.13 pH unit change in the 2A-4b and D1-9b cells.
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Similar results were obtained in parallel studies of the
activation of ERK. PE activation of ERK only occurred in
CCL39 Cells and was absent in PKCa.-depleted, 2A-4b,
and D1-9b cells. PMA stimulation of ERK occurred in
CCL39, 2A-4b, and Dl-9b cells but not in the PKCa.depleted cells. These data strongly support an essential
role for PKCa. and PLC~ in the PE induced activation of
ERK and NHE1.
ULTRA HIGH VACUUM CHAMBER

Taber Omar
Augsburg College, Minneapolis, MN 55454

Thin films are the underlying technology of all
magnetic media, such as tape drive devices, magnetic
RAM (computer memory) and hard drives. The goal of
this project was to construct and develop an ultra high
vacuum (UHV) molecular beam epitaxy (MBE)
chamber. This chamber will provide the necessary
clean, low-pressure environment for creating thin
magnetic films .
Currently, we have achieved pressures of 1-B'forr.
Films can not be made until the pressure within the
chamber is 10·10'forr.
REGULATION OF MICROTUBULE ASSEMBLY BY MAPK
ACTMTY

Zulmarie Ortiz, Melissa Tuseth, Joseph Provost and
Ellen Brisch
Dept of Biology, Minnesota State University -Moorhead,
Moorhead, MN, 56563

Microtubules (MTs) are an important cytoskeletal
element found in most eukaryotic cells. In dividing cells,
MTs form the mitotic spindle which rapidly and
accurately segregates the replicated chromosomes to the
opposite sides of the dividing cell. How cells control the
assembly of the mitotic spindle has intrigued biologists
for many years. The study of mitotic spindle assembly is
a critical area of cancer research. Thus identifying
mechanisms or targets that regulate microtubule
assembly may provide us with new strategies for halting
division in cancerous cells. Sea urchin eggs are an
excellent model system in which to study spindle
assembly. The regulation of microtubule assembly is
currently thought to be controlled by the protein
phosphorylation/dephosphorylation of microtubule
associated proteins (MAPs). These proteins bind to,
copurify with and stabilize MTs. When MAPs become
phosphorylated they lose their affinity for MTs, fall off
and the MT shrinks. Thus MAPs can modulate the
assembly/disassembly of MTs. Previous work has
identified 44kDa and 48 kDa microtubule copurifying
proteins as potential phosphorylation targets. The
molecular weights of these proteins are suggestive of
mitogen activated protein kinase (MAPK) members.
These family members, also called extracellular receptor
kinases (ERKs) play important roles in growth and
mitogenic . (potential cancer causing) pathways.
Immunoblot analysis of sea urchin microtubule protein
from our lab indicates that MAPK family members do
indeed purify with MTs. Our goal is to determine how
these MAP kinase family members regulate cell division
and spindle assembly
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COMPARATIVE RAPD ANALYSIS OF LUNGWORM
(DICTYOCAULUS VIVIPARUS) FROM WHITE-TAILED DEER
AND CATTLE

Moni Otto-Meyer
Winona State University, 175 W Mark St, Winona, MN, 55987

Dictyocaulus viviparus (bovine lungworm) is a
common parasite in both dairy calves and white-tailed
deer. It has been assumed that the parasite readily
infects either species of vertebrate. However, in Europe,
studies have shown molecular differences between
Dictyocaulus infecting cattle lungs and that which
infects fallow deer. Subsequently, Dictyocaulus from
fallow deer have been reclassified as Dictyocaulus
eckerti. In the U.S. no studies have looked at possible
molecular differences between Dictyocaulus strains
found in cattle and those found in white-tailed deer. The
purpose of this study was to determine if such a
difference exists.
For this study we collected lungs from cattle and
deer residing in southeastern Minnesota in close
proximity to each other. Cattle lungs were obtained
from a local abattoir. Deer lungs were collected from
controlled hunt sites. We systematically searched the
lungs for the presence of Dictyocaulus. Adult worms are
removed, cleaned and frozen. We extracted the DNA
from several worms and analyzed it using a comparative
RAPD-PCR. Using this data we preliminarily determined
that the two strains are in fact separate species.
TOOLS FOR COMPARATIVE STUDIES OF ANIMAL
DEVELOPMENT
Garett Padilla and Mary K. Montgomery
Maca/ester College, 1600 Grand Ave, St. Paul, MN 55105

We are interested in determining to what extent the
pathways that govern cell identity and fates in the early
embryo have been evolutionarily conserved between
the model organism Caenorhabditis elegans and related
species, including the closely related C. briggsae and
more distantly related Acrebeloides nanus (formerly
Cephalobus sp.). To aid in analyzing mutant phenotypes
generated through the reverse genetic technique RNA
interference (RNAi), we have tested a wide variety of C.
elegans cell- and tissue-specific markers for crossreactivity in C. briggsae and A. nanus. Antibodies that
recognize the same cell types in the related species
include markers for gut, pharynx, muscle, and the
germline. In addition, commercially available tubulin
antibodies and rhodamine-phalloidin have been used to
stain mitotic spindles and actin filaments, respectively,
in all three species. We have analysed several RNAigenerated phenotypes in C. briggsae using these
markers and time-lapse microscopy.
SYNTHESIS OF C OMPOUNDS RELATED TO CAPSAICIN AS
POTENTIAL ANALGESIC AGENTS

Erin Peterson, Casey Micale, Kimberly Baxter, Leilani
Welbes, David Rusterholz (advisor)
Dept of Chemistry, University of Wisconsin-River Falls
The natural substance capsaicin (I), is well known as

the compound that imparts pungency to hot red chile
peppers. Capsaicin, however, is also known to have a
Vol. 65, No.1, 2001

pain relieving (analgesic) effect believed to result from
its action upon calcium channels in pain-signaling
nerves. As a pain relieving drug, however, capsaicin has
a disadvantage of initially eliciting a burning pain
sensation before it provides any pain relief.

Cl4~~
H~ H
(I) Capsaicin

Two series of compounds (II and III) were proposed
which were designed to incorporate various aspects of
the structural features of capsaicin. It is hoped that these
new compounds will retain the pain-relieving action of
capsaicin, but have diminished pungency. Efforts
toward the synthesis of members of each of these series
will be described.
0

CH,O~~R

HO~

H

l8J

(Ill)

DEVELOPMENT OF A NOVEL COMPACT SOURCE OF
POLARIZED ELECTRONS

Mike Preiner and Dr. Marty Johnston
University of St. Tbomas, 2115 Summit Ave, St. Paul, MN

In typical polarized electron scattering experiments,
only one type of polarization (longitudinal or
transverse) is needed. However, for a source of
polarized electrons that is to be used with several
scattering experiments, it would be advantageous to be
able to create both longitudinal and transverse
polarization. At the University of St. Thomas (in
collaboration with the University of Nebraska, Lincoln),
we have developed a source of both longitudinally and
transversely polarized electrons that is -1/10 the size of
a conventional source. We have used a GaAs source
combined with a unique electrostatic lens system that
allows the extraction of both types of polarized
electrons. Details of the design, manufacturing and
construction of the polarized electron source,
electrostatic lens system, and necessary ultra-high
vacuum system will be presented, along with
preliminary results.
THE INCORPORATION OF NONPARENCHYMAL CELLS INTO
HEPATOCYTE SPHEROIDS

Ryan Ritchie
Univ. of Minnesota, 2515 University Ave SE, Minneapolis, MN

The liver possesses a wide variety of metabolic,
synthetic and immunological functions; mechanisms of
which are still in need of elucidation. However, the
detailed study of liver cell function is hampered by the
rapid loss of these differentiated functions during in
vitro culture. In order to help the study of liver function
in culture, hepatocytes spheroids were developed,
which improved liver specific function over time and
maintained cell-cell attachment for intercellular
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communication between the hepatocytes. In spite of this
finding, the liver in vivo contains nonparenchymal cells
(NPCs) that function in the sinusoids of the liver. The
function of NPCs includes: providing clearance to
particulates, production of cytotoxic molecules, and as
macrophages. Therefore, communication between
hepatocytes and NPCs allows the liver to rid itself of
endogenous materials and preserve liver specific
functions.
In order to improve the utility of hepatocyte culture
a model that more closely resembles the liver in vivo has
been developed. In this model, nonparenchymal cells of
the liver sinusoid were successfully incorporated into
hepatocyte spheroids. During incorporation, assaying
the liver specific protein albumin, and measuring the
metabolic end product urea over time measured liver
specific function. In conclusion, it was found that the
incorporation of nonparenchymal cells did not impair
hepatocyte spheroid function. These heterospheroids
allow for study of liver specific functions more closely
and accurately than hepatocyte spheroid and monolayer
studies.
PROTEIN-PROTEIN INTERACTION BE'IWEEN CITRATE
SYNTHASE AND MALATE DEHYDROGENASE.
IMPUCATIONS FOR A NOVEL REGULATION OF THE
TRICARBOXYLIC ACID CYCLE.
Sharma Rix, Julie Vogel, and Joseph Provost
Dept of Chemistry, Minnesota State University Moorhead,
Moorhead MN, 56563

Protein-protein interactions occur throughout the
cell. Specific protein interactions can lead to channeling
of substrates between two consecutive enzymes in a
metabolic pathway. Large complexes of such protein
interactions occur in the mitochondrial matrix with
enzymes from the tricarboxcylic (TCA) cycle. This large
complex forms what is termed a metabolon. High
protein concentration in the matrix favors such aggregation and potentially leads to higher rates of product
formation with fewer side reactions. Our aim was to
determine the specific interactions between two key
enzymes in the TCA cycle, malate dehydrogenase
(MDH) and citrate synthase (CS) using affinity chromatography. Citrate synthase was covalently bound to
agarose by CN-Br. Mitochondrial MDH bound tightly to
the immobilized CS and was eluted with either mM concentrations of ATP or malate. Developing the column
with cytosolic MDH tested the specificity of the protein
interaction. The interaction between CS and MDH is
important to efficiently keep the TCA cycle operating.
Additionally, these results indicate a new and interesting
role for the allosteric regulation of the TCA cycle by
metabolites of the TCA cycle and oxidative
phosphorylation.
HEAT FLOW IN Son: EXTRACTING THE THERMAL
DIFFUSMTY

Jennifer M. Rogers and Gordon C. Mcintosh
Univ. of Minnesota-Morris, 600 E 4th St #873, Morris, MN

A numerical solution for the heat diffusion equation
was used along with a data set to find the thermal
diffusivity of the soil. The data used were the
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temperature of soil versus time and depth, taken on
March 6, 2000, using a temperature probe at the Swan
Lake Experimental Fields of the North Central Soil
Conservation Research Lab. The data were analyzed and
the diffusivity obtained using a Mathematica program
The experimental value of the diffusivity has been found
to be approximately 20 cm2/s.
PREPARATION OF VINYUC SULFONES FOR RADICAL
CYCUZATIONS

Sara Rosemeier and Dr. Craig ]asperse
Minnesota State Univiversity- Moorhead, Chemistry Dept,
Moorhead, MN 56560

Lewis-acid mediated radical alkylations of
unsaturated carbonyl compounds have been conducted
using iodoalkanes, tributyltin hydride as a reducing
agent, and triethylborane/ oxygen as a radical initiator.
Preliminary reactions using iPr-I, which proceeds via a
2° radical, gave good results to provide simple addition
products. We wished to extend this process using
radicals derived from functional haloalkanes to make
cyclic products. The idea is that radical addition could
be followed by radical cyclization. The hope in using a
vinylic sulfone is to activate the cyclization. A key
question to be investigated is the relative stereochemistry in the cyclic product.
Preparation of vinylic sulfones was performed using
sodium p-toluenesulfinate and iodine. Procedures for
anti-Markovnikov addition of TolS0 2I and for making
analogous hydroxy vinylic sulfones have also been
developed.
NORTHERN CONIFEROUS FOREST REsTORATION
Chanoane Rosenthal and Kathleen L. Shea
Dept of Biology, St. Olaf College, 1520 St. Olaf Ave, Northfield,
MN 55057

The purpose of this study was to examine tree
growth patterns in a coniferous forest planted as part of
a natural habitat restoration program at St. Olaf College.
Conifer seedlings were planted in 1993 on former
agricultural land with a grass ground cover. Growth was
measured in 1995, 1997 and 1999 and was compared
among and within species for seedlings grown with
tubes, fabric mats and with no growth treatment. In 1999
the height and diameter of 289 tagged conifer trees was
measured. To evaluate hardwood-conifer competition,
boxelder (Acer negundo) height and density in two
transects were measured. Results indicated that the
plastic tree tubes only benefitted tree growth in the first
4 years, that the mat treatment increased growth rate
and that trees with no growth treatment grew slower
than those with either mat or tube growth treatment
The 1999 height of trees with no growth treatment
indicated that jack pine (Pinus banksiana) was the most
successful, with the tallest mean height, while balsam fir
. (Abies balsamea) had the shortest mean height. Since
·boxelder trees had a significantly higher density than
any of the conifer species, interspecific competition may
be occurring between boxelder and conifer trees. As the
forest matures, red and white pine (Pinus resinosa and
P. strobus) will become more dominant and volunteer
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hardwoods will need to be thinned to maintain a
healthy coniferous forest.
WALLEYE SURVIVAL SCHOOL: A TOOL TO ENHANCE
MINNESOTA'S WALLEYE REsOURCE

Mariya P. Rzaszutak, Tanya M. Overbo and Brian D.
Wisenden
Biology Dept, MSU Moorhead, 1104 7th St S, Moorhead, MN,

Many aquatic animals do not inherently recognize
their predators. However, aquatic prey inherently
recognize injury-released chemical alarm cues from their
own species as an indicator of predation risk. Predator
recognition is acquired by associating predator cues
(e.g., its odor) with injury-released alarm cues. This
phenomenon has been well established for minnows
and aquatic invertebrates. Here, we apply this
knowledge to hatchery-reared walleye. Hatchery fish
are predator-naive. Losses to predation typically exceed
50% in the first year after stocking. In the first stage of a
multi-part project, we attempted to establish: 1) if
walleye possess specialized skin cells that may contain
alarm cues, 2) if walleye possess an aversive behavioral
response to injured walleye skin, 3) if juvenile walleye
inherently recognize northern pike odor as an indicator
of the presence of a predator, and 4) if walleye can use
alarm cues in walleye skin to acquire recognition of
pike. Preliminary results indicate that walleye possess
epidermal club cells homologous to other percids
(darters), and possibly analogous to Ostariophysans
(minnows). Behavioral observation are, thus far,
consistent with an antipredator behavioral response to
walleye skin extract, no inherent response to pike odor,
but a learned response to pike odor following a single
simultaneous presentation of walleye skin extract and
pike odor.
INmBmON CAN BE A GOOD THING: SYNTHESIS OF AN
IRREVERSmLE TRYPANOTHIONE REDUCTASE INmBITOR

Salwa Salah
Carleton College, 300 North College Street, Northfield, MN

Parasites that cause African sleeping sickness and
Chagas' disease use the reduced form of trypanothione
to maintain a redox balance. To ensure a steady supply
of reduced trypanothione, the enzyme trypanothione
reductase (1R) catalyzes reduction of oxidized trypanothione. The goal of our research is to synthesize and test
a trypanothione analog with an electrophilic moiety that
will bind irreversibly to 1R, thus ensuring that the
enzyme is consumed by the reaction and is unavailable
to reduce trypanothione. The structures of our proposed
inhibitor and oxidized trypanothione are shown below.

Proposed Irreversible Inhibitor

Where R • .CH,-CH2CH2NHCH 2CH,CH,
orR E -CH2CH2CH2N(CH,),
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Oxidized tryp.lnothione

Substrate specificity studies
indicate that
trypanothione analogs with structural modifications
similar to those seen above are effective substrates for
the enzyme. The synthesis of the epoxide inhibitor is
currently seven steps long, not including the syntheses
of the amine-containing chains (which will be used in
lieu of the trypanothione's spermidine moiety) or the
oxidizing agent. Last summer, I completed all but the
last step of the synthesis. The goal for this summer is to
complete the synthesis and purification of the epoxide
inhibitors. Once I have purified and confirmed the
presence of the potential inhibitors, I will assay their
activity with recombinant T. cruzi 1R. Professor
Christopher Walsh (Harvard Medical School) has
generously supplied a strain of E. coli that overproduces
T. cruzi 1R. I will prepare the samples of the recombinant protein and use them to test the effectiveness of
the inhibitors.
COUFORMS AND CHLORINE SENSITMTY IN MISSISSIPPI
RIVER WATER

Elizabeth Sargent and Dr. Ted Johnson
St. Olaf College, 1500 St. Olaf Ave, Northfield, MN 55057

This is a preliminary study of the sensitivity of
bacteria to disinfectants in river water, specifically the
upper half of the Mississippi River. For each site the
number of bacteria, the most probable number (MPN)
of coliforms per 100 mL of water, and the presence of
Escherichia coli was determined. In addition, the
bacterial resistance to the disinfectants Clorox®, Pine
Sol®, Comet® and the active ingredient triclosan, which
is found in many commercial products, was examined.
The number of coliforms was found to increase as the
Mississippi River flows downstream while there was no
noticeable change in the number of bacteria. There was
some resistance to chlorine although it was not
correlated with exposure to chlorine in water treatment
facilities. With the exception of a few sites there was no
major resistance to the disinfectants or to triclosan.
THE CHEMISORPTION OF POLY(N,N-0CTADECYLACRYLAMIDE) TO AN ALUMINUM OXIDE SURFACE

Philip Sass
Gustavus Adolphus College

This is a study of the chemisorption of poly(N-noctadecylacrylamide) onto an aluminum oxide surface.
Our project involved soaking a glass slide with
aluminum plated on it in a solution of chloroform. We
found that poly(N-n-octadecylacrylamide) readily
chemisorbs from these chloroform solutions onto
amorphous aluminum oxide surfaces. We will present
evidence from transmission and p-polarized reflectance
infrared spectroscopy (FTIR) studies and photoelectron
spectroscopy (PES) that indicates that hydrolysis of
polymer amide side chains occur at the solution-metal
oxide interface, with the resulting acid-base chemiorption of acrylate pendant groups, formation of an
adherent plastic layer, and loss of octadecylamine to
solution. The plastic layer survives several washings
with clean chloroform, as well as washings with
deionized water. Considerable roughening of the shiny
metallic aluminum surface occurs, along with mobiliza-
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tion of aluminum oxide and hydroxide into the plastic
coating as is observed by the phonon band increasing
in intensity.
P REVALENCE OF BORRELIA BURGDORFERI IN IxODES
SCAPULARIS IN SOUTHEAST MINNESOTA AND WEST
CENTRAL WISCONSIN

Kathryn Schultz (Research Advisors: Dr. David Essar
and Dr. Kimberly Bates)
Winona State University, Biology Dept, PO Box 5838,
Winona, MN 55987

Lyme disease is caused by the spirochete Borrelia
burgdorferi. The deer tick, Ixodes scapularis is a vector
for B. burgdorferi throughout Minnesota and Wisconsin.
Previously, we investigated various methods for
collecting substantial numbers of Ixodes samples.
Specimens were successfully collected by combing
legally harvested white-tailed deer in southeast
Minnesota and west central Wisconsin during opening
firearm weekend for both states. Polymerase chain
reaction (PCR) and indirect immuno-fluorescence assay
(IFA) were developed to detect the presence of B.
burgdorferi in Ixodes samples. PCR was determined to
be inaccurate when used with Ixodes specimens due to
interference caused by compounds in the tick midgut.
Indirect IFA has detected an overall prevalence of 15%
upon examination of 311 Ixodes. Further evaluations
will be made based on the prevalence within southeast
Minnesota and west central Wisconsin and at each
collection site upon examination of the remaining 130
slides. Controls were maintained through cultivation of
Jive spirochetes. After testing a preliminary sample,
prevalence of infected Ixodes in southeast Minnesota
and west central Wisconsin will be determined.
MODELING THE KINEMATICS OF A GCA PAR SYSTEMS

DKP300V ROBOT MANIPULATOR
Chris Scofield, Meghan O'Brien, and Ross Nelson
Mechanical Engineering Program, University of St. Thomas,
2115 Summit Ave, St. Paul, MN 55105-1079

The direct and indirect kinematics of a 5 axis
GCA/DKP200V articulated robot arm were modeled.
Pulse counts measured from the rotary line encoders
were used to indirectly determine the joint angles for
each joint. Then links of the robot were manipulated
using a teach pendant. MATI.AB™ programs were
created, which manipulated the measured results of the
pulse counts and positions of joints for both the direct
and indirect kinematic solutions. For the direct
kinematics, we used homogeneous transformation
matrices which transformed coordinate data from one
frame to the next, to eventually create the "Arm" matrix.
When the Arm matrix was post-multiplied by a vector
containing the coordinates of the point in the end
effector coordinate frame, it was converted into data in
the world frame. For the indirect kinematic solution,
when given the location of the end effector frame (i.e.,
position of the origin of the end effector frame and the
elevation angle), a MATLAB™ program generated a
series of joint angles for all possible robot arm
configurations. The configurations were based on the
fact that the robot's five joints could create motion
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similar to a humanoid arm, in which joint 2 acted as the
"shoulder", joint 3 was the "elbow" and joint 4 was the
"wrist." These "body parts," when rotated to a specific
position, defined arm configurations which were
categorized as four types: either right or left arm and
either elbow up or down. Finally, experimental data was
used to corroborate both the direct and indirect models.
MOLECULAR AND CRYSTAL STRUCTURES OF
N-FLUOROPHENYL-~-D-MANNOPYRANOSYLAMINES AND

N- (4-NITROPHENYL)-a-L-ARABINOPYRANOSYLAMINE

Thomas M. Skrypek and William H. Ojala
Dept of Chemistry, University of St. Thomas, 2115 Summit
Ave, St. Paul, MN 55105

Reaction of aniline or a substituted aniline with a
monosaccharide produces a derivative that could exist
as an open-chain molecule (a Schiff base) or a cyclic
molecule (a glycosylamine) in the solid state. We have
prepared a series of these derivatives in an effort to
determine whether or not the electron-donating or
electron-withdrawing nature of the substituent might
determine which form the molecule assumes in the
crystal. As part of this study, the molecular and crystal
structures of four N-arylglycopyranosylamines have
been determined and are described here. Included are
the N-(2-fluorophenyl)-, N-(3-fluorophenyl)-, and N-(4fluorophenyl)-~-o-mannopyranosylamines formed upon
reaction of o-mannose with the corresponding
fluorinated aniline. We are interested in how the
fluorine atom affects the packing arrangement of each
derivative, given that the small size of the fluorine atom
makes it similar to a hydrogen atom but its high
electronegativity makes it very different. These
properties of the fluorine substituent are of interest in
the potential biomedical recognition of these
compounds. We have found that the 2-isomer assumes
the same packing arrangement as the N-phenylmannopyranosylamine examined in earlier studies but that the
3- and 4-isomers assume the same packing arrangement
as the 4-bromophenyl and 4-methylphenyl derivatives
also considered previously. Also included in the current
study is the N-(4-nitrophenyl)-a-L-arabinopyranosylamine formed upon reaction of L-arabinose with 4nitroaniline. This derivative is of particular interest as a
potential non-linear optical material. Our goal is to use
these and similar small-molecule compounds to gain
insight into interactions between biological macromolecules such as oligosaccharides and glycoproteins.
IDENTIFICATION OF AN UNKNOWN BACTERIUM ISOLATED
FROM A MILK CULTURE

Loryn Smith
Winona State University, 215 Pasteur Hall, Winona, MN

Milk production is a major industry in Minnesota and
Wisconsin. The use of pasteurization has greatly
reduced the contamination of milk products. Contamination problems arise when a bacterium is resistant to
pasteurization. The identification of the bacterium
enables the source of the contamination to be more
easily identified. An unknown bacterium was isolated
from a milk culture at the American Milk Production Inc.
dairy processing plant in Blair, WI. This bacterium is
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lhermoduric, so it survives pasteurization. A culture of
rhis bacterium was obtained and a series of microbiological tests were performed for identification. This
bacterium was analyzed based on cultural and
physiological characteristics. Based on these results, the
bacterium was identified as Staphylococcus intermedius.
To substantiate these results, genomic differences and
similarities of know strains of bacteria will be compared
to the unknown strain using random amplified
polymorphic DNA analysis.

RAPID

POLYMERASE CHAIN REACTION (PCR)

Sam Stechmann
University of St. Tbomas, 2115 Summit Ave, St. Paul, MN

The introduction of Taq polymerase eliminated the
need to add reaction enzyme after each cycle of PCR,
making PCR highly effective and user friendly.
However, PCR still suffers from one drawback - it takes
too long. A typical PCR takes between three and six
hours because commercial thermocyclers heat the
sample using a single block, so time is wasted in waiting
for that block to heat or cool to the next temperature.
This study was aimed at creating a thermocycler that
would eliminate the time wasted in waiting for the
sample to heat or cool. With a predicted PCR
completion time of thirty to forty mins, our first
prototype pumped the sample through a stainless steel
tube, which itself ran through three separate copper
heating blocks. Each heating block corresponded to one
of the three temperatures required for PCR, thus
eliminating the problem of heating and cooling a single
block. Syringes located at each end of the stainless steel
tube and controlled by a LabVIEW computer program
dictated the movement of the sample within the tube. A
thermistor was embedded within each block and
connected to a computer to acquire temperature
readings. One drawback was that the experimenter
could not see exactly where the sample was located
within the tube. Also, indirect observations showed that
the sample shuffled and drifted within the tube. Our
new, simpler apparatus heats a sample in a capillary
tube with an infrared lamp and is also faster than a
commercial apparatus.
INvESTIGATION OF 2,2' -DIIODODIPHENYLETHER AS A
POTENTIAL PRECURSOR TO A CYCUC 9-1-2 STRUCTURE

Tim Steckler (advisor Dr. Thomas Nalli)
Chemistry Dept, Winona State University, Winona, MN

2,2'-diiododiphenylether was synthesized from
2,2'diaminodiphenylether because of it's potential to
react by a free-radical-chain mechanism that involves a
cyclic diaryliodine (9-1-2) intermediate. The synthesis
started with 2,2'-diaminodiphenyl ether followed by diazotization with 2 equivalents NaN0 2 in H2SO4 followed
by KI treatment to yield 2,2'-diiododiphenyl ether. The
product was carefully purified by acid-base extraction
followed by column chromatography and recrystallization from methanol. Pure 2,2'-diiododiphenylether
reacts with ArN2+pf6- in acetonitrile under UV light to
form a cyclic iodonium salt and Arl by a free-radicalchain mechanism involving a single electron transfer
from the 9-I-2 structure to the diazonium salt, thus
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trapping the intermediate as the iodonium salt. Here,
isolation of the iodonium salt demonstrates the presence
of the intermediate. A simultaneous study was also done
with 2,2'diiododiphenylmethane reacting under the
same conditions as the 2,2'diiododiphenylether for
comparison.

GAS CHROMATOGRAPHIC PROFILING OF PRODUCTS OF
THE REACTION OF Trus(2,2,2-TRIFLUOROETHYL)
PHOSPHITE WITH BIS(4-TERT-BUTYLPHENYL)IODONIUM
CHLORIDE
Rebekka H. Steidler and Dr. Thomas Nalli*
Chemistry Dept, Minnesota State University- Mankato and
#Winona State University

The purpose of this study was to verify the
mechanism proposed in an earlier study investigating
phosphite co-initiators for iodonium-initiated cationic
polymerizations. The mechanism has two components:
(1) A radical chain that involves arylphosphoranyl
radicals (ArP{OR) 3) as one-electron reductants for the
iodonium salts (Ar2I+ y-) , which then fragment,
producing aryl radicals (Ar) that add to the phosphite
(P(OR) 3) to give the arylphosphoranyl radical. (2)
Polymerization by means of the phosphonium cation
(ArP+(OR3) formed by this chain reaction, which
alkylates the cyclic ether monomer.
The diaryliodonium/phosphite reaction was run as
described previously using tris(2,2,2-trifluoroethyl)
phosphite (P(OCH 2CF3)) as the phosphite. However,
an iodonium chloride salt was used rather than a salt
with a non-nucleophilic counteranion such as hexfluorophosphate . The chloride counterion was
employed to prevent polymerization so that the
nonpolymeric radical-chain products could be analyzed
using GC and GC/MS. Five products were identified: 2cyclohexanol (19% yield), 4-iodo-tert-butylbenzene
(41% yield), tert-butylbenzene (18% yield), di-(2,2,2trifluoroethyl)-tert-butylphenylphosphonate
(2.5%
yield), and 1-trifluoroethoxycyclohexene (5.1% yield).
Percent yields are after four hours photolysis. The
results indicate that the radical chain mechanism
proceeds as previously proposed. However, the
mechanism by which the phosphonium salt from TFP
initiates cationic polymerization seems to be quite
different from what was thought. The cyclohexene
oxide monomer, rather than being alkylated by the
phosphine as previously proposed, apparently is
protonated by the phosphine.
SPIN-POLARIZED TETRAHEDRAL MAGNETO-OPTICAL
TRAPS

Peter Steinhoff, Shane M. Tysk, Randall Schuh, and
Paul Feng
University of St. Tbomas, Dept of Physics- OWS 153, 2115
Summit Ave, St. Paul, MN

We discuss our experiments with a spin-polarized
atom trap. The apparatus consists of four converging
laser beams in a region of non-uniform magnetic field
inside an ultra-high vacuum chamber containing a
tenuous rubidium vapor. The lasers are slightly detuned
below the resonant frequency of rubidium. Atoms in the
trap are bombarded by light from all directions, but to a
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moving atom, light from the head-on direction appears
Doppler-shifted up toward the resonant frequency.
Thus, it is more probable for that atom to absorb those
on-coming photons, causing its momentum to decrease.
Through this "Doppler-cooling," we reduce the
temperature of our atomic sample to about 100
microKelvin. In a conventional magneto-optical trap
(MOT), this -1 mrn3 cloud of about 106 atoms is
unpolarized, but we are developing variants of the MOT
in which the spins of the trapped atoms are aligned.
IDENTIFICATION OF MARKER IONS FROM VEHICLE
EMISSIONS BY SINGLE PARTICLE AEROSOL TIME-OFFUGHT MAss SPECTROSCOPY

Ellen Sukovich
Dept of Chemistry, Carleton College, Northfield, MN 55057

The investigation of aerosol particles is an expansive
and important field of study. To better understand the
effects of aerosol particles on environmental and human
health, the size and chemical composition of these
particles must be examined. In this study, we investigated particles emitted by gasoline (light-duty) and
diesel (heavy-duty) vehicles under real-world conditions
in a road tunnel. The purpose of our research is to use
chemical composition and size of individual particles to
identify the sources of the particulate emissions and to
extrapolate the local atmospheric composition. During
summer 2000, we measured vehicle emissions at the
Caldecott Tunnel in Berkeley, CA. These experiments
were carried out using aerosol time-of-flight mass
spectrometry (ATOFMS). With this instrument we can
simultaneously determine size and composition of
individual particles in the 0.25 to 3.0 micrometer size
range by bipolar LD/TOF mass spectrometry. We
compared particulate emissions from light-duty vehicles
to emissions from heavy-duty vehicles. We first
determine the frequency with which each m/z peak
appears in the mass spectra from both mixed heavyduty and light-duty vehicle emissions and light-duty
vehicle emissions only. We then compare vehicle
composition by subtracting light-duty traffic only data
from the mixed traffic data. This resulting difference
indicates that certain chemical species are found
preferentially in emissions influenced by heavy-duty
vehicles or by light-duty vehicles. Specific ions can then
be investigated as potential markers of emissions from
each vehicle type. Results to date indicate that nitrate,
barium, and barium oxide are preferentially found in
emissions from light-duty vehicles. Heavy-duty vehicle
emissions are found to preferentially contain peaks from
compounds such as sulfate, PAHs, elemental carbon,
and other organic ions indicative of combustion. With
potential marker ions for emission sources, trends can
be found in particle concentration, size distribution and
particle composition over time.
COINCIDENCE OF TIME-OF-FUGHT MAss SPECTROMETRY: TOWARDS INSTRUMENTAL OPTIMIZATION.

mass spectrometry (TOFMS) is described. In a
coincidence TOFMS instrument, it is possible to detect
two ions from the same fragmentation event, allowing
for elucidation of fragmentation mechanisms. A brief
introduction to the PEPIPICO (photoelectron photoion
photoion coincidence) process for detecting molecular
ions and analyzing their fragmentation patterns is given.
Recently, in this research group, the focus has been
shifted away from the use of synchotron radiation as the
primary means of bringing about the ionization process,
instead using high energy electrons 0-5 keY). The use
of electrons in an electric field where ions are generated
has naturally led to problems. Previously, the use of
high energy electrons had served only as a means for
readying the instrument for synchotron runs, and
therefore, little attention had been given to optimizing
instrument conditions for electron use. Most recently,
methodology for optimizing electron steering has been
developed. This has allowed for the improvement of
signal to noise ratios, mass spectral resolution, and also
given insight as to the possible origin of spectral noise
appearing at low time in the mass spectra. In this way,
it has been possible to optimize the operating
conditions for the instrument and therefore set the stage
as this group moves towards the use of this instrument
to answer questions relevant to atmospheric chemistry.
ODOR-INDUCED STRIKE BEHAVIOR BY GAME FISH

Travis A. Thiel & Brian D. Wisenden
Biology Dept, MSU Moorhead, 1104 7th St S, Moorhead, MN

Fish use smell to find food, avoid predators and in
courtship and spawning. We tested if minnow chemical
alarm cues are more effective in attracting predators
(e.g., pike, walleye, bass) than alarm cues of a tropical
fish or no alarm cues at all. We used wind-powered ice
fishing tip-ups baited with a small jig lure and a small
block of sponge. Sponges were soaked in either skin
extract of fathead minnows Pimepbales promelas,
convict cichlids (Cicblasoma (Arcbocentrus) nigrofasciatum a tropical fish) or water (to control for the
scent of the sponge and the absence of any injured fish
cues). We recorded the number of times the tip-up flag
was released for each sponge type. We found that tipups baited with minnow scent received significantly
more visits than either cichlid scent or water. The data
indicated that smell influences a predator's decision to
attack a lure and that minnow cues are significantly
more likely to induce an attack than general cues
released from an injured fish. These findings support
predictions from the alarm signaling theory and may
lead to the development of a commercial attractant for
the fishing industry.
SENSITIVITY MEAsUREMENTS OF THE MOUSE CIRCADIAN
SYSTEM TO LIGHT USING COMPLETE LIGHT-DARK
CYCLES: COMPARISONS WITH SENSITIVITY MEAsURED
USING A PHASE SHIFT ASSAY.

Lisa Tracy, Chris Kasal and Dr. Dwight Nelson

Dept of Chemistry, Carleton College, Northfield, MN 55057

Biology Dept, University of St. Thomas, 2115 Summit Ave, St.
Paul, MN, 55105

The use of high energy electrons or photons to
ionize small molecules in coincidence time-of-flight

Mammalian circadian pacemakers are entrained
(synchronized) to environmental cycles through a

Victor]. Sussman
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specialized visual pathway. The standard measure of
sensitivity for this pathway uses brief light pulses to
induce phase shifts of the circadian pacemaker. We
measured the sensitivity using complete light-dark (LD)
cycles for comparison to measurements using brief
pulses. Circadian rhythms of locomotor activity were
measured as a functional assay of circadian output. Mice
(C57BV6]) were divided into 4 groups (11/group) and
subjected to a specific illumination (0.0085 to 33.3 lux)
in a 12:12 LD cycle. After 3 weeks, we shifted the LD
cycle to test for re-entrainment. Finally, we discontinued
the LD cycle to measure rhythms in constant darkness.
We used two criteria to test for entrainment: 1) the
entraining cycle period matches that of the animal
rhythm, 2) the phase relationship between the
entraining cycle and the rhythm is constant. We tested
for significant differences between groups using
statistical tests for homogeneity of variance (Bartlett's)
and non-parametric tests (Kruskal-Wallis). Results
suggest that 33 lux entrained 100% of mice while levels
< 0.5 lux were less effective. Levels of 0.53 lux caused
entrainment in only 50% of mice while levels of 0.055 0.0085 lux were incapable of inducing entrainment. The
sensitivity to complete LD cycles was very similar to that
measured using brief light pulses. Our results
demonstrate that the photic sensitivity measured using
the phase shift assay is a very good predictor of the
mouse circadian system's ability to entrain to complete
light-dark cycles. (Supported by NIH grant
MH60122R15).
EQUINE HERPESVIRUS 1: DECAY IN BODY FLUIDS AND
SEROSURVEY.
Natashya Y. Vadis, Emmanuel E. Brako, Trish Gleiter"

and Shannon Mertes•
Biology Dept, Winona State University, Winona, MN and
'Town and Country Veterinary Hospital, Winona, MN

The overall goal of this study was to better
understand equine herpesvirus 1 (EHV-1) survival in the
environment and the prevalence of the virus in local
horses. The objectives of the study were first, to
compare two body fluids (serum and milk) for their
effect on the survival of cell-free EHV-1 , and second, to
analyze horse serum samples for the presence of antiEHV-1 antibodies. To achieve the first objective
virus/body fluid mixtures were incubated at room
temperature (25'C) for designated periods of time (1, 4,
and 7 days); phosphate buffered saline (PBS) was
included as inorganic control. Virus titers were then
determined by the 50% end point method of Reed and
_1uench. To achieve the second objective twelve serum
samples from local horses were tested for presence of
anti-EHV-1 antibodies using a microtitration virus
neutralizing test. At 1 day post incubation (dpi) of the
nrus/ substrate mixtures, decreases in EHV-1 titer (log 1 ~
were 0 (serum), 0.7 (milk), and 1.8 (PBS). At 4 dpi, the
decreases were 0 (serum), 1.7 (milk), and 1.4 (PBS). At
~ d pi, the decreases were 1.1 (serum), and 1.7 (milk). Of
rlle twelve equine serum samples tested, eight were
_?OSitive for anti-EHV-1 antibodies. The study suggests
:::3at following 1 and 4 days of incubation at 25'C, EHV: decay is greater in milk and PBS than in serum. It also
01. 65, No. 1, 2001

suggests that a fairly high proportion (67%) of our local
horses have been exposed to EHV-1.
DIEL VERTICAL MIGRATION OF
SPECIES

Two CHAOBORUS

Shane Vatland
Biology Dept, St. Olaf College, 1500 St. Olaf Ave, Northfield,
MN55057

It is well known that most Chaoborus larvae undergo
a diel vertical migration (DVM). These light-sensitive
larvae ascend toward the water surface around sunset
and descend around sunrise. It is also widely accepted
that DVM enables these larvae to avoid light-dependent
fish predation. Chaoborus species often coexist, but the
differences in DVM between coexisting species is not
well known. In this study, I monitored the vertical
distribution of C. jlavicans and C. punctipennis over a
72 hour period on a small mesotrophic lake in northern
Minnesota. Fourth instar larvae of both species were
found in the sediments during midday and near the
surface in the evening. Fourth instar C. punctipennis,
the smaller of the two species, ascended earlier in the
evening and descended later in the morning than fourth
instar C.jlavicans. Contradictory to several prior studies,
first and second instar larvae also exhibited a high
amplitude DVM. Why the first and second instar larvae
migrated vertically with nearly as much amplitude as the
third and fourth instar larvae is not clear. While younger
instars are migrating vertically, larval size still appears to
be a significant factor influencing DVM.

A CASE

STUDY OF HURRICANE BRET

Amy R. Weinzierl
St. Cloud State University, St. Cloud, MN, 56301

Tropical cyclones can undergo rapid intensification
in which the system's central pressure drops a dramatic
42mb/day or where the pressure falls more than 20mb
in a six-hour period. Rapid intensification of tropical
cyclones is believed to occur by dynamical interactions
occurring between the system and its environment.
These dynamical, interacting processes include: upperocean (air-sea) interactions, atmospheric environmental
influences, and eyewall dynamics. Eyewall behavior can
affect the intensity of a hurricane by convective and
physical processes. Hurricane Bret is the only tropical
cyclone in which measurements were taken inside of
the eyewall while the cyclone underwent a period of
rapid intensification. Data acquired from the flight
missions into Bret can be used to determine important
physical and dynamical processes that were involved
with its state of rapid intensification. Predicting rapid
intensification of tropical cyclones is important to
operational forecasting because the largest errors
currently reported with tropical cyclone intensity
changes occur in those particular cyclones which
rapidly intensify.
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EFFECT OF THE CANNABINOID AGONIST,
METHANANDAMIDE, ON SPINAL NITRIC OXIDE ACTIVITY
DURING PERIPHERAL INFLAMMATION IN THE MOUSE
Ari Winbush, Amber Erickson, Lindsey Fostel, Emily

castanea. Both species began activity at dusk ( -1830 h)
and showed a decline in activity after 2300 h . The
existence of food competition between these species
remains in doubt.

Griffin, Ian Harmon, Shane Stamschror and Lin
Aanonsen

USING MICROSATELUTES TO DETERMINE GENETIC
VARIABILITY IN BALSAM FIR (ABIES BALSAMEA)
Kelley T. Zophy and Kathleen L. Shea
Dept of Biology, St. Olaf College, 1520 St. Olaf Ave, Northfield,
MN55057

Dept of Biology, Maca/ester College, 1600 Grand Ave, St. Paul
MN, 55105.

Long-term potentiation (LTP) has been shown to
play a critical role in learning and memory and chronic
pain states in the hippocampus and the dorsal horn of
the spinal cord, respectively. LTP is thought to arise
partly from activation of the ionotropic N-methyl-Daspartate (NMDA) receptor by the endogenous ligand,
glutamate. Nitric oxide (NO) is generated through
activation of the NMDA-receptor and is an essential step
in NMDA receptor induced LTP. Studies have indicated
that the cannabinoid receptor may inhibit LTP and the
resultant chronic pain and memory states. In the present
study, a possible direct connection between cannabinaids and the enzyme, NO synthase (NOS), which is
responsible for production of NO, was tested.
Peripheral inflammation was induced by intraplantar
injection of carrageenan or saline, as control, in mice.
These also received an intrathecal injection of the
cannabinoid receptor agonist, methanandamide, or
saline as a control every 6 hours over a 24-hour period.
Hot plate latencies were . measured to assess the
hyperalgesia induced by carrageenan and the effects of
intrathecal methanandamide. Results indicate successful
induction of hyperalgesia which was blocked in mice
treated with methanandamide. NOS activity was
examined in the lumbar enlargement of the spinal cords
by immunohistochemical analysis (in progress). These
results have implications for improved clinical treatment
of chronic pain which may arise from other clinical
disorders.

Genetic variability, a significant factor in determining
the ability of a population to adapt to environmental
changes, is affected by population size, fragmentation
and isolation. Genetic variability within and among
populations of balsam fir (Abies balsamea) was
examined in two large populations occurring within the
natural range and in two small, isolated populations.
Two microsatellite loci, single sequence repeats, were
amplified from uniparentally inherited chloroplast DNA
and genetic variability was studied using loci Pt 30204
and Pt 79136. Similar levels of genetic diversity were
found for all populations studied. Gene diversity (He)
ranged from 0.545 to 0.780 for Pt 30204 and 0.596 to
0.731 for Pt 79136. From 9 to 14 haplotypes were
identified at each site and overall He ranged from 0.750
to 0.898. These values are consistent with other
microsatellite studies also reporting high levels of
genetic variability in balsam fir. D 2SH' a measure of
mean pairwise haplotype distance showed less genetic
distance among individuals in the smaller isolated
populations. This study revealed smaller than expected
differences in genetic variability between large and
small populations. The data showed that the small
balsam fir populations studied still had substantial
genetic variability and suggest that microsatellites are
useful genetic markers in conservation studies.

INTERSPECIFIC FOOD COMPETITION AMONG BATS OF
THE GENUS CAROLLIA
Heather A. York
Dept of Ecology, Evolution, and Behavior, University of
Minnesota, 1987 Upper Buford Circle, St. Paul, MN 55108

Carollia perspicillata and C. castanea (Chiroptera:
Phyllostomidae) are common neotropical frugivores.
These bats are similar in size and share foraging habits
and diet preferences. The fruits of Piper are most
common in Carollia diets but are low in abundance
relative to their selectivity by the bats, presenting the
potential for food competition between the two species.
Yet diets of Carollia have been found to be much more
div~rse than those of other phyllostomids, given that
Carollia are facultative frugivores that frequently
supplement their diets with insects. Therefore, whether
food competition exists between C. perspicillata and C.
castanea is uncertain. The nightly activity of these
species was examined during 14 mist-netting sessio?s to
determine whether differences in activity pattern ex1st as
a possible form of resource partitioning and resolution
of competition. No significant difference in activity
pattern was found between C. perspicillata and C.
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